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INTRODUCTION

The taxonomy of North American fleas has received considerable attention
during the last half-century. However, such monographic works as have
appeared to the present time have dealt almost exclusively with the fleas of the
United States. Inasmuch as indigenous Canadian mammals and birds support
a rich flea fauna, containing many species not known elsewhere in North America,
it appears justifiable at this time to present a summary of present knowledge of
the species occurring in the Dominion of Canada.

Interest in Canadian Siphonaptera began in the provinces of British
Columbia and Alberta, where amateur naturalists and professional trappers
such as A. D. Gregson, Allan Brooks, G. F. Dippie and others collected large
numbers of these insccts for the Hon. N. Charles Rothschild of Tring, England.
Many new species were described by Rothschild and Dr. Karl Jordan from this
material. In addition, Dr. Carl F. Baker, in his works on North American
fleas (1895-1905) described three species from the Queen Charlotte Islands,
B.C., and many others from the United States, of which a number have since
been shown to occur also in Canada. In more recent years, collections of fleas
made by Professor G. J. Spencer of the University of British Columbia, and
Eric Hearle of the Dominion Entomological Laboratory at IKamloops, B.C.
have been submitted to Dr. Julius Wagner of Belgrade, Yugoslavia, who recogn-
ized and described several additional species, and who also added considerably
to the distributional knowledge of the siphonapterous fauna of British Columbia.

Since 1938, interest in the fleas of British Columbia and Alberta has again
been aroused in connection with the sylvatic (=bubonic) plague surveys con-
ducted by the Health Departments of those provinces, under the direction of
the Dominion Department of National Health and Welfare and the Dominion
Department of Agriculture Laboratories at Kamloops. In the spring of 1942,
the Public Health Department of Saskatchewan was prompted to organize a
plague survey, as Pasteurella pestts had been isolated from ground squirrels
( Catellus r. richardsoniz) and their fleas in Divide County, North Dakota, just
south of the Canadian border the previous year (Pub. Hlth. Repts. 57(24):903),
as well as from certain areas in Alberta in 1939 (Gibbons and Humphreys,
1941:26). Furthermore, the Indian rat flea, Xenopsylla cheopis (Rothschild)
had been discovered in significant numbers in certain areas in Vancouver and
other Pacific coast cities (Holland 1940, 1941, 1944). Brown (1944) published
a list of the fleas of Alberta, and other papers dealing with the plague situation.

Members of the staff of the Livestock Insects Laboratory at Kamloops
have been able to do considerable collecting of fleas from a wide variety of hosts
in the three western provinces. Also, the writer has had the opportunity of
examining much of the material sent to the Laboratory of Hygiene at Kamloops
by the plague survey crews. In addition, many fleas from scattered localities
have been submitted by various collectors.  As a result of all this accumulation
of material, many interesting and important records have been made, as well
as notes on host relationships and geographical distribution not hitherto
published.

The ecastern provinces of Canada and the coast of Labrador have been
singularly neglected with reference to systematic collecting, and published
records of fleas are few. This holds true also for the far north. Recently,
the writer had the opportunity of studying the Siphonaptera in the Canadian
National Collection at Ottawa. The bulk of this material is from Ontario
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THE SIPHONAPTIERA OF CANADA

with small series from Manitoba, Quebec, the Maritimes and Northwest Ter-
ritories, and while the collection 1s not large, 1t serves to give a fairly representative
picture of the species occurring in those parts of the country.

The present paper, then, brings together all available published and unpub-
lished data, up to December 31, 1946, and is intended as a guide to the known
flea fauna of Canada.

Descriptions and discussions of families, subfamilies and genera are given.
Categories below genera are not formally described in detail except in a few
instances where new species or subspecies are established, or where the description
of the male or female of a species known previously only from the opposite
sex, is provided.  Otherwise, the various species and subspecies are treated
only by means of keys, illustrations and sometimes brief notes on structures
of particular 1(13110511(‘ significance. All available host and locality records
of the Heas known to occur in this country are listed. Under the discussion
of cach species, selected literature references are given. These do not comprise
a complete bibliography*, but are merely references to the original description,
important supplementary descriptions, if any, and papers recording the species
in Canada.

Previous records of localities and hosts are summarized, and the nomen-
clature of the hosts brought up to date insofar as possible. \Vhere synonymy
or revisions have made changes necessary, the host name as orlgmally recorded
1s given in quotation marks, with the corrected name following in parentheses.
In addition, where the names of localities have been misspelled or not clearly
expressed in previous publications, corrections or explanatory notes are appended
Records include, wherever possible, dates of collection and numbers of specimens
obtained. It is felt that this information should be made available as certain
fleas show trends towards abundance at particular seasons of the year. These
data are not included in the case of domestic infestations of certain Old-World
species.

All new records are from material studied and preserved at the Livestock
Insects Laboratory, Kamloops, B.C., the Canadian National Collection, Ottawa,
Ont., or the Department of Zoology, University of British Columbia, Vancouver,
B.C.

To date there are records of 127 species and subspecies of fleas belonging
to five families occurring in the Dominion of Canada. Of these, six species are
believed to have been introduced from Europe or Asia, being common parasites
of man and domestic animals, and now are almost cosmopolitan in distribution.
The remaining 121 are regarded as indigenous. A very few of these are circum-
polar in distribution, being apparently identical with corresponding fleas in
northern Europe and ‘Asia.

Four new species, one new subspecies, and the males or females of three
other species, previously known only from the opposite sex, are described. In
addition, one new subfamily is proposed.

Of recent vyears it has been the practice at this laboratory to prepare
scientific study skins representative of all species of mammals and birds taken
during the course of field collecting of cctoparasites (see Appendix A.). Thus,
if there is any doubt whatsoever as to the exact species of a particular host, the
skin may be submitted to a reputable mammalogist or ornithologist for iden-
tification. Correct host diagnosis is of paramount importance in the recording
of flea species if an accurate understanding of the various relationships is to be
obtained. In the present work, the common name, or perhaps the genus of
the host may be all that is given in cases where there are no means of checking
the identification definitely. Records include the subspecific or racial name of

* The reader is referred to Jellison and Good “Index to the Literature of Siphonaptera of
North America’’, Nat. Inst. Hlth. Bul. No. 178, 1942, for a complete bibliography up to July, 1939.
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the host only under the following alternative circumstances (1) where scientific
skins and skulls were prepared at the time the fleas were collected and have been
identified, and are available for further reference or study (2) where the collector
has been a competent mammalogist or ornithologist whose host-diagnoses may
be accepted with confidence, (3) where there is available a published list of the
mammals of a particular locality from which flea specimens have been collected,
or (4) when the host was collected in a well-known and established range of a
particular subspecies, and where there could be no possibility of confusion with
some other animal.

LLATER NOTE

Since completion of the manuscript of the present paper, an important
contribution to the literature of Siphonaptera has come to hand. This is the
monumental publication of C. Andresen Hubbard (Fleas of Western North
America, lowa State College Press, 1947). In this work, Dr. Hubbard reviews
all available published literature concerning the species of fleas recorded from
North America west of the 100th Meridian, and from Mexico north to, and
including Alaska. This mass of material is supplemented by an astonishing
number of records established through his own energetic and enthusiastic field-
collecting, which covered more particularly the states of Washington, Oregon,
Nevada, Idaho, Arizona, northern California and southern Utah. In the years
that he has devoted to the study of fleas, especially in the rich area of the Pacific
Northwest, Dr. Hubbard has probably collected personally more of these insects
than any other single investigator, past or present. His book contains much
information on the history of flea study in western North America, and sections
on field and laboratory techniques, domestic and public health significance of
fleas in North America (practically all published work being summarized) and
much valuable information on the habits of the host animals.

Discussions and opinions relating to fundamental taxonomic problems,
however, are not stressed, so that no important original contribution is made
towards an understanding of phylogenetic relationships, or to the evolution of
a satisfactory basic classification for this order of insects. In view of this, and
the fact that virtually no new Canadian records are included, or much supple-
mentary data to that already available concerning the majority of the species
known from this country, the writer has not deemed it necessary to alter the
present text, but is leaving it in its original form. Also, Dr. Hubbard’s and the
writer’s views on certain points of synonymy are at variance, as comparison
of the texts of the two papers will reveal.
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SYNOPSIS OF THE FLEAS OF CANADA

Family 1, PuLiciDAE Stephens

Subfamily A. Spilopsyllinae Oudemans
Cediopsylla inaequalis tnaequalis (Baker)
C. simplex (Baker)
Hoplopsyllus afints (Baker)
H. glacialis glacialis (Taschenberg)
H. glacialis lynx (Baker)

Subfamily B. Pulicinae Tiraboschi
Ctenocephalides canis (Curtis)
C. felis felis (Bouché)
Pulex irritans Linnaeus
Xenopsylla cheopis (Rothschild)

Family 2, VErRMIPSYLLIDAE Wagner

Arctopsylla setosa (Rothschild)
A. ursi (Rothschild)

Family 3, HysTtricHOPSYLLIDAE Tiraboschi

Subfamily A.  Hystrichopsyllinae Tiraboschi
Saphiopsylla bishopt (Jordan)
Atyphloceras artius Jordan
A. multidentatus (C. Fox)
Hystrichopsylla gigas (Kirby)
. dippier Rothschild
H. tahavuana Jordan
H. occidentalis, n. sp.

H. spinata, n. sp.
H. scheffers Chapin
Stenoponia americana (Baker)

Subfamily B. Neopsyllinae Oudemans
Catallagia chamberlint Hubbard
C. charlottensis (Baker)
C. decipiens Rothschild
Delotelis telegont (Rothschild)
Epitedia scapani (Wagner)
E. wenmannt (Rothschild)
Neopsylla inopina Rothschild
Tamiophila grandis (Rothschild)
Meringis shannoni (Jordan)

Subtamily C. Rhadinopsyllinae Wagner
Maucropsylla sectilis sectilis (Jordan and Rothschild)
M. sectilis goodi Hubbard
Rectofrontia fraterna (Baker)
Trichopsylloides oregonensis Ewing

Subfamily D. Ctenophthalminae Rothschild
Ctenophthalmus pseudagyrtes Baker
Doratopsylla blarinae C. Fox

Corrodopsylla curvata curvata (Rothschild)
C. curvata obtusata (Wagner)
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Subfamily 5. Anomiopsyllinae Baker
Callistopsyllus terinus (Rothschild)
C. campestris, n. sp.
Megarthroglossus divisus divisus (Baker)
M. divisus exsecatus \Vagner
M. procus Jordan and Rothschild
M. pyvgmaeus \NVagner
M. sicamus Jordan and Rothschild
M. similis \Vagner
M. spenceri \Vagner
Conorhinopsylla stanfordi Stewart
Subfamily I, Nearctopsyllinae, new subfamily
Corypsylla ornata C. Fox
Nearctopsylla brookst (Rothschild)
N. genalis hygini (Rothschild)
N. genalis laurentina Jordan and Rothschild
N. hyrtact (Rothschild)
N. jordant Hubbard

Family 4, CERATOPHYLLIDAE Dampf
Subfamily A, Amphipsyllinae Dampf
Amphipsylla sibirica pollionis (Rothschild)
Ctenophyllus terribilis (Rothschild)
Odontopsyllus dentatus (Baker)

Subfamily B.  Dolichopsyllinae Baker
Dolichopsyllus stylosus (Baker)

Subfamily C.  Ceratophyllinae Dampf
Oropsylla alaskensts (Baker)
0. arctomys (Baker)
0. idahoensis (Baker)
O. rupestris (Jordan)
Thrassts acamantis (Rothschild)
T. bacchi (Rothschild)
T. petiolatus (Baker)
T. spencert Wagner
Amphalius necopinus (Jordan)
Dactylopsylla comis Jordan
Foxella ignota albertensis (Jordan and Rothschild)
F. ignota recula (Jordan and Rothschild)
Opisocrostis bruneri (Baker)
O. labis (Jordan and Rothschild)
0. saunderst (Jordan)
O. tuberculatus tuberculatus (Baker)
Opisodasys keent (Baker)
O. pseudarctomys (Baker)
O. vesperalis (Jordan)
Orchopeas caedens caedens (Jordan)
0. caedens durus (Jordan)
O. leucopus (Baker)
O. nepos (Rothschild)
O. sexdentatus agilis (Rothschild)
O. howardir (Baker)
Tarsopsylla coloradensis (Baker)
Ceratophyllus adustus Jordan
C. celsus celsus Jordan
C. diffinis Jordan
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. gallinae (Schrank)
. garer Rothschild
. 1dius Jordan and Rothschild
niger C. Fox
petrochelidont Wagner
. riparius Jordan and Rothschild
. tundrensis Holland
Da?y[)?yllus gallinulae perpinnatus (Baker)
Malaraeus bitterrootensts (Dunn)
M. euphorbi (Rothschild)
M. penicilliger dissimilis Jordan
M. telchinum (Rothschild)
Megabothris abantis (Rothschild)
M. acerbus (Jordan)
M. asio asto (Baker)
M. asio megacolpus (Jordan)
M. atrox (Jordan)
M. groenlandicus (Wahlgren)
M. tmmatrs (Jordan)
M. lucifer (Rothschild)
M. obscurus, n. sp.
M. quirini (Rothschild)
Monopsyllus ciliatus protinus (Jordan)
M. eumol pr eumolpr (Rothschild)
M. thambus (Jordan)
M. vison (Baker)
M. wagnert wagneri (Baker)
M. wagnert ophidius (Jordan)
M. wagnert systaltus (Jordan)
Nosopsyllus fasciatus (Bosc d’Antic)
Subfamily D. Leptopsyllinae Rothschild
Leptopsylla segnis (Schonherr)
Peromyscopsylla catatina (Jordan)
P. hamifer hamifer (Rothschild)
P. hesperomys pacifica, n. ssp.
P. ravalliensis (Dunn)
P. selenis (Rothschild)

Family 5, IscunoprsyLLIDAE Wahlgren
Eptescopsylla vancouverensis (Wagner)
Myodopsylla gentilis Jordan and Rothschild
M. insignis (Rothschild)
Myodopsylloides palposus (Rothschild)

mmmommq
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DISTRIBUTION BY PROVINCES

The following lists summarize the distribution, by provinces, of fleas in
Canada. The large number of records for British Columbia and Alberta as
compared with those of the more easterly provinces is due in part to the fact
that more thorough collecting has been done in the west. Also there is little
doubt but that the western part of North America supports a much more diverse
flea fauna. British Columbia in particular is partitioned longitudinally by
complex series of mountain ranges which, coupled with other factors, have
divided this province into more separate and distinct biotic areas than are to be
traced in other parts of the Dominion. The diversity of the mammal faunas
is reflected in the variety of their fleas.

In these lists, the fleas are recorded alphabetically. Details of records will
be found under the discussion of each species.

British Columbia (89 species recorded)

Amphalius necopinus Malaraeus euphorbt
Arctopsylla setosa Malaraeus penicilliger dissimalis
Arctopsylla urs Malaraeus telchinum
Atyphloceras artius Megabothris abantis
Atyphloceras multidentatus Megabothris asio megacolpus
Callistopsyllus terinus Megabothris lucifer

Catallagia chamberlini Megabothris quiriny

Catallagia charlottenstis Megarthroglossus divisus divisus
Catallagia decipiens Megarthroglossus divisus exsecatus
Ceratophyllus adustus Megarthroglossus procus
Ceratophyllus celsus celsus Megarthroglossus pygmaeus
Ceratophyllus diffinis Megarthroglossus sicamus
Ceratophyllus garer Megarthroglossus simalis
Ceratophyllus idius Megarthroglossus spencert
Ceratophyllus niger Meringts shannoni
Ceratophyllus petrochelidoni Maicropsylla sectilis goodr
Ceratophyllus riparius Micropsylla sectilis sectilis
Corrodopsylla curvata curvata Monopsyllus ciliatus protinus
Corrodopsylla curvata obtusata Monopsyllus eumolpi eumolpt
Corypsylla ornata Monopsyllus vison
Ctenocephalides canis Monopsyllus wagneri ophidius
Ctenocephalides felis felis Monopsyllus wagnert wagnert
Ctenophyllus terribilis Myodopsylla gentilis
Dactylopsylla comis Myodopsylla insignis
Dasypsyllus gallinulae perpinnatus Myodopsylloides palposus
Delotelrs telegont Nearctopsylla brooksi
Dolichopsyllus stylosus Nearctopsylla hyrtact

Epatedia scapani Nearctopsylla jordans

Epitedia wenmanni Neopsylla inopina
Eptescopsylla vancouverensis Nosopsyllus fasciatus

Foxella vgnota recula Opisocrostis tuberculatus tubercula-
Hoplopsyllus glacialis lynx tus

Hystrichopsylla dippier Opisodasys keeni
Haistrichopsylla occidentalis Opisodasys pseudarctomys
Hystrichopsylla spinata Opisodasys vesperalis
Hystrichopsylla schefferi Orchopeas caedens caedens
Leptopsylla segnis Orchopeas caedens durus
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British Columbia (continued

Orchopeas leucopus

Orchopeas nepos

Orchopeas sexdentatus agilis

Oropsylla arctomys

Oropsylla idahoensts

Peromyscopsylla hesperomys paci-
fica

Peromyscopsylla ravalliensis

Peromyscopsylla selenis

Alberta (57 species)

Amphalius necopinus
Amphipsylla sibirica pollionis
Arctopsylla ursi

Callistopsyllus campestris
Catallagia decipiens

Cediopsylla inaequalis inaequalis
Ceratophyllus garer
Ceratophyllus niger
Corrodopsylla curvata curvata
Ctenocephalides cants
Ctenocephalides felis felis
Ctenophthalmus pseudagyrtes
Ctenophyllus terribilis

Epitedia wenmanni

Foxella ignota albertensis
Hoplopsyllus glactalis lynx
Hystrichopsylla dipprer
Malaraeus bitterrootensis
Malaraeus euphorbi

Malaraeus penicilliger dissimalis
Megabothris abantis
Megabothris asio megacol pus
Megabothris atrox

Megabothris lucifer

Megabothris obscurus
Megabothris quirine
Megarthroglossus divisus divisus
Monopsyllus eumolpi eumolpi
Monopsyllus thambus

Saskatchewan (36 species)

Callistopsyllus campestris
Catallagia decipiens
Cediopsylla tnaequalis inaequalis
Ceratophyllus gallinae
Ceratophyllus riparius
Corrodopsylla curvata curvata
Ctenophthalmus pseudagyrtes
Epitedia wenmanni

Foxella 1gnota albertensis
Hoplopsyllus affinis
Hystrichopsylla dippier
Malaraeus euphorbr
Megabothris asio megacolpus
Megabothris lucifer

16

Pulex irritans

Rectofrontia fraterna
Tarsopsylla coloradensis
Thrassis acamantis
Thrassts petiolatus
Thrassis spencert
Trichopsylloides oregonensis
Xenopsylla cheopis

Monopsyllus vison

Monopsyllus wagnert systaltus

Monopsyllus wagnem wagnert

Myodopsylla insigns

Nearctopsylla brooksi

Nearctopsylla genalis hygini

Neopsylla itnopina

Odontopsyllus dentatus

Opisocrostis brunert

Opisocrostis labis

Op1isocrostis tuberculatus tubercula-
lus

Opisodasys keent

Opisodasys pseudarctomys

Orchopeas caedens caedens

Orchopeas caedens durus

Orchopeas leucopus

Orchopeas sexdentatus agilis

Oropsylla arctomys

Oropsylla idahoensts

Oropsylla rupestris

Peromyscopsylla hamifer hamaifer

Peromyscopsylla selents

Pulex vrritans

Rectofrontia fraterna

Tarsopsylla coloradensts

Thrassts bacche

Thrassts petiolatus

Thrassis spencert

Megabothris quirini
Momnopsyllus eumolpt ewmolpt
Monopsyllus thambus
Monopsyllus vison
Monopsyllus wagnert systaltus
Myodopsylla insignis
Nearctopsylla genalis hygini
Neopsylla inopina
Nosopsyllus fasciatus
Odontopsyllus dentatus
Op1isocrostis brunert
Opisocrostis labis

Opisocrostis saunderst



DISTRIBUTION BY PROVINCES

Saskatchewan (continued)

Opisocrostis tuberculatus tubercula-
tus

Orchopeas caedens caedens

Orchopeas leucopus

Oropsylla arctomys

Manitoba (14 species)

Ceratophyllus gallinae
Ceratophyllus garer
Ctenophthalmus pseudagyrtes
Epitedia wenmannt
Nearctopsylla genalis hygini
Opisocrostis bruneri
Orchopeas caedens durus

Ontario (29 species)

Cedropsylla simplex
Ceratophyllus diffints
Ceratophyllus gallinae
Conorhinopsylla stanfordi
Corrodopsylla curvata curvata
Ctenocephalides canis
Ctenocephalides felis felis
Ctenophthalmus pseudagyrtes
Doratopsylla blarinae
Epitedia wenmanni
Hystrichopsylla tahavuana
Megabothris acerbus
Megabothris asio ssp.
Megabothris quiring
Monopsyllus eumol pr eumolpr

Quebec (14 species)

Ceratophyllus gallinae
Ceratophyllus garer
Ctenocephalides canis
Ctenocephalides felvs felis
Epitedia wenmanni
Megabothris asio asio
Monopsyllus vison

New Brunswick (7 species)

Ceratophyllus gallinae

Epitedia wenmanni
Hoplopsyllus glacialis lynx
Nearctopsylla genalis laurentina

Nova Scotia (1 species)
Ceratophyllus riparius

Prince Edward Island (1 species)
Pulex irritans
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Oropsylla rupestris
Peromyscopsylla selenis
Pulex rritans
Rectofrontia fraterna

T hrassis baccht

Orchopeas leucopus
Oropsylla arctomys
Oropsylla rupestris
Peromyscopsylla selenis
Pulex irritans
Stenoponia americana
T hrassis baccha

Monopsyllus vison

Myodopsylla insignis
Nearctopsylla genalis laurentina
Nosopsyllus fasciatus
Opisodasys pseudarctomys
Orchopeas caedens durus
Orchopeas leucopus

Orchopeas howardit

Oropsylla arctomys
Peromyscopsylla catatina
Peromyscopsylla hamifer hamafer
Saphiopsylla bishopr
Stenoponia americana
Tamrophila grandis

Nosopsyllus fasciatus

Orchopeas leucopus

Oropsylla arctomys
Peromyscopsylla catatina
Peromyscopsylla hamafer hamifer
Pulex trritans

Stenoponia americana

Orchopeas caedens durus
Oropsylla arctomys
Stenoponia americana
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Yukon Territory (4 species)

Hoplopsvllus glacialis lynx
Nearctopsvlla brooks1

Northwest Territories (18 species)
Ceratophyllus tundrensis
Lepitedia wenmanni
Hoplopsyllus glacialis glacialis
Hoplopsyllus glacialis lynx
Hystrichopsylla gigas
Malaraeus penicilliger dissimilis
Megabothris asio megacol pus
Megabothris atrox
MMegabothris groenlandicus
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Orchopeas caedens caedens
Orchopeas leucopus

Megabothris quirini
Mosopsyllus thambus
Monopsvyllus vison
Orchopeas caedens caedens
Orchopeas caedens durus
Orchopeas leucopus
Oropsylla alaskensis
Peromyscopsylla selenis
Tarsopsylla coloradensis



NOTES ON LIFE HISTORY AND ECOLOGY

Fleas are highly specialized insects, adapted to an ectoparasitic existence
on warm-blooded hosts. The great majority of species infests the smaller
Mammalia, especially members of the orders Insectivora, Chiroptera and
Rodentia*. A few genera of fleas are associated with certain large Carnivora,
and some small groups (derived from mammal-fleas) are restricted to birds.

While the life-histories of only a very few of the indigenous North American
species are known in detail, they are probably much the same in essentials, with
the exception of the members of the family Tungidae (not known in Canada)
and possibly the Vermipsyllidae where the females remain attached to the host
for a period of time, swelling up somewhat like a tick. With the remaining
four families, however, the structure and habits of the various genera and species
are more or less as summarized below.

The adults are small, apterous, laterally compressed, and variously clothed
with backwardly directed spines and setae (see also section on flea anatomy,
p. 39). The legs, particularly the hind pair are well developed and heavily
armed with bristles. Fleas thus are ideally modified for an existence in the fur
or feathers of the chosen hosts, where, by reason of their activity and details
of structure, they are able to move about rapidly and securely, and escape
detection.

The adults of both sexes feed upon blood. The mechanism of this act is
treated in detail by Snodgrass (1946:17-20).

Mating usually occurs on the host animal, the male assuming a ventral
position, and grasping the anterior abdomen of the female with his erected
antennae, before effecting sexual union by means of the complicated terminalia.
This procedure, with reference to Ceratophyllus gallinae (Schrank) was described
fully by Lundblad (1927, Zool. Anzeiger 70(1,2) ). The writer has noted that
groundhogs (Marmota flaviventris avara) shot in the early spring, when they
have just come out from hibernation are usually heavily infested with Thrassis
acamantis (Rothschild), many pairs of which are to be found in copulation.

A flea’s full quota of eggs is not laid all at once, but in small batches, over
a considerable period of time, punctuated by blood meals which are necessary
for their development. Successive matings are not necessary for the fertilization
of future eggs, as spermatozoa from the initial pairing are stored in the sper-
matheca or receptaculum seminis of the female, and used as required.

The eggs are smooth, elliptical and ivory coloured. They may be laid in
the host’s nest or bedding, or in the host’s fur or feathers, whence they drop
into the nest or onto the ground. The larvae are slender, eruciform, apodous
and quite active. They feed upon dried blood, the faeces of adult fleas and
other organic materials. The pupal stage is exarate, and enclosed in a cocoon
of silk and nest debris. After a period of time, varying with conditions and
species, the imagines appear, and the cycle is thus completed.

Very little is known of the time involved in the life cycle of most of the
native species, or how many broods may be produced in a year. Also, there is
evidence that species vary in their peaks of seasonal abundance, so that some

* Including the “Lagomorpha’. The writer follows Anderson (1946) in listing the rabbits,

hares and pikas under the suborder Duplicidentata of the Rodentia. This arrangement is
questioned by certain leading mammalogists.
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species may be referred to as “winter fleas’ ete., but there are few data available
in this connection.  Furthermore, the number of adult fleas that may be removed
from an animal is not necessarily indicative of the number belonging to it, as by
far the greater proportion of them is frequently to be found in the nest.  Some
species rarely leave the nests at all.

While in many instances the sexes appear to be about equally divided, there
is not infrequently a preponderance of females. It has been suggested that the
explanation may be that the males are shorter lived, and die soon after mating.
Thus perhaps an abundance of males may indicate the true breeding scason.
It may be also that males are more prone to remain in the nests.

Developing and adult fleas are sensitive to extremes of temperature and
humidity.  This is almost undoubtedly the principal reason why these parasites
tend to occur in relatively large numbers on the species of mammals and birds
that characteristically live in burrows, or whose nests or lairs are otherwise well
protected from storm and weather.  Such nests further are eminently suited
to the production of fleas because of the fact that the larval food materials
consist of substances which are to be found in greatest profusion in the animal’s
bedding.  Thus it 1s that animals that establish no permanent or well protected
place of abode, or birds living in open or exposed nests do not tend to produce
flcas in quantity. This is the case with sheep, goats, moose and most of the
larger game animals, whereas coyotes and foxes, which live in dens, and bears,
which hibernate in protected spots, may be infested to a greater degree. Again,
the hares, such as Lepus townsendii and L. americanus, which live and raise their
voung in the open in “forms”, carry only a fraction of the flea population to be
found on the rabbits, like Sylvilagus spp. which inhabit burrows.

Insectivores and rodents are almost always heavily infested with fleas, and
this undoubtedly is a result of the nesting habits of these mammals. Bats,
while not living in nests, tend to congregate in caves or other confined quarters,
thus providing suitable conditions for the breeding of fleas.

With birds, the species living in burrows, or which have closely confined
and well protected nests, preserving a fairly high humidity, are not infrequently
well populated with these insects. Thus, while fleas are occasionally taken on
passerines, such as sparrows, thrushes et al (especially in humid climates), much
larger numbers are usually found on, or in the nests of, swallows and burrowing
owls.

Aquatic mammals such as muskrats, beavers and otters have no char-
acteristic fleas. On the other hand, certain aquatic birds, such as cormorants,
cider and other ducks, geese, grebes, etc. are sometimes infested, although there
are usually far more fleas in the nests than on the birds themselves. Some
fleas, such as Ceratophyllus garer Rothschild seem to prefer the nests of ground-
nesting birds, whether the host be a duck, grouse or sparrow! Predatory birds,
such as hawks, owls and eagles are sometimes infested with the fleas of their
rodent victims.

Reduction in size and pigmentation, or even absence of eyes is frequently
to be found in the fleas of fossorial and nocturnal animals, while diurnal hosts
usually have fleas possessing well developed eyes.  In some cases these “eyeless’
fleas belong to taxonomic groups regarded as primitive and normally with
reduced eyes. Here would be included the members of the family Hystrichop-
syllidae (on insectivores and rodents) and possibly the Ischnopsyllidae (on

bats). Others which have reduced or rudimentary cyes, as certain genera of
the Ceratophyllidac might be considered degenerate in this respect, as their
congeners have well developed eyes.  Here would be included Amphipsylla and
Malaraeus (on mice), Foxella and Dactylopsylla (on pocket gophers, T homomys),
Dolichopsyllus (on mountain beavers, 4 plodontia) etc.
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Arctopsylla, Monopsyllus, Oropsylla, Thrassis and other genera infesting
diurnal and sun-loving animals like bears, squirrels, chipmunks, ground squirrels,
marmots, etc., and Dasypsyllus and Ceratophyllus on diurnal birds have relatively
large eyes.

This correlation between cye development and habits of the host 1s by no
means infallible. There are many notable exceptions such as Opisodasys vespe-
ralis and O. pseudarctomys, both normal parasites of the strictly nocturnal flying
squirrel (Glaucomys) and Monopsyllus wagneri and JMegabothris spp., fleas of
mice which are chiefly nocturnal. These fleas have well developed cyes, and
may represent comparatively recent associations. Conversely, Neopsylla tnopina
and Rectofrontia fraterna, which are blind, are common and regular parasites of
the sun-loving Richardson ground squirrel (Citellus r. richardsonii). These
two species are probably chiefly nest fleas.
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HOST SPECIFICITY

Host preference varies tremendously in different genera and species of fleas.
With some species there is a very obviously close association with a particular
genus or species of host, whereas with others, a number of genera (or sometimes
families) of host animals appears to be equally satisfactory. However, while
Thrassis acamantis on the yellow-bellied marmot ( Marmota flaviventris), Foxella
ignota on pocket gophers (Thomomys) and Meringis shannoni on pocket mice
(Perognathus) represent extremes of specificity, nearly all species, genera or
families of fleas show trends of relationship to particular hosts or groups of hosts,
and to varying degrees. The origins of such associations are lost in antiquity,
so that fundamental flea-host relationships may be pieced together only by
inference and critical consideration of data provided by existing species.

While a few specimens of fleas have been preserved in amber, the fossil
record is incomplete, and little 1s known of their ancient history. All evidences
point to fleas having originated as ectoparasites of the early mammals, the
transference of a few genera and species to birds being a comparatively recent
development. The extreme modification of these insects, due to a specialized
mode of life has made their affinities with other orders difficult to discern and
interpret. Many and varied are the theories that have been postulated, con-
cerning the probable origin of fleas*. Without doubt they are an ancient group,
and were sufficiently well established on the early mammals to become diversified
and associated with particular orders of hosts at a very remote date. This is
well shown in the fleas of bats, which are almost as compact and well defined
a group (family Ischnopsyllidae) as are the bat hosts themselves.

While the subject of flea-classification and evolutionary specialization is
still a controversial matter (see also p. 47) it is now generally conceded that
the Insectivora (primitive mammals) are typically infested with fleas which
may be regarded as primitive. Further, as we go higher up the scale of mam-
mals, the fleas tend to become more specializedt. In other words there i1s evidence
that the general trend has been for fleas to evolve with the hosts — hosts of
primitive orders today being infested by relatively unspecialized fleas (weak
mouthparts, reduced eyes, many combs etc., and living chiefly in nests) while
higher mammals in general have more highly developed and more parasitic
fleas (well developed mouthparts, large, pigmented eyes, reduced combs and
setae, and a tendency to become more or less permanently attached to host etc.).
The fundamental association between fleas and their hosts, while complicated
and at times obscured by actual or seeming contradictions, offers many hints
and clues to the phylogeny of these insects. Jellison and Jordan have alluded
to this fact in a number of papers, and the matter deserves the serious attention
of any student of the Siphonaptera.

The following notes on flea-host relationships pertain only to Canada, a
most arbitrary and political limitation of a phase of study that would gain more
significance if expanded to a consideration of the whole of North America.
Such, however, is beyond the scope of this paper.

The 121 indigenous species and subspecies of fleas so far recorded from
Canada belong to 46 genera, representing five families. Of these, only two
genera, comprising ten species, may be definitely associated with the birds, the

* Some of these are reviewed by Ewing and Fox (1943:10-13).

t This matter is discussed at some length by Jellison in an unpublished manuscript (1941).
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remaining 44 (111 species and subspecies) being true mammal fleas. There are
records, in Canada, of fleas from 51 genera of native mammal hosts.  As two of
these records, from Ondatra and FErethizon almost certainly indicate chance
associations, there being no satisfactory evidence of fleas normally occurring
on these mammals, and as a few others, from Spilogale, Mephitis, Taxidea and
some other canivores are also doubtful, it will be seen that there is quite a striking
parallel between the number of genera of mammals, and the genera of fleas
infesting them. This becomes more apparent when the orders of mammals
are considered scparately. 1t 1s not intended to imply that cach mammel
genus has one special genus of flea, although such is frequently the case. Many
mammals have several specific fleas, belonging to different genera. Other
mammals do not have their own flea, but share one that belongs to another,
usually a close relative. The point to be noted is that the orders of mammals
that are parasitized by Siphonaptera (principally the Insectivora, Chiroptera
and Rodentia) have, in total almost as great a variety of fleas as there arc genera
of mammals, substantiating the likelihood that the diversification of these flea-
forms has, to a great extent, been a parallel development accompanying the
evolution of the mammals.

The Insectivora (6 genera) are infested regularly by four genera of fleas that
rarely occur on other hosts, and by four others that are shared with certain
small Rodentia. All these fleas belong to the family Hystrichopsyllidae.

The Chiroptera, or bats (3 genera) are infested by three genera of fleas,
all of the family Ischnopsyllidae, which is peculiar to these mammals.

The Carnivora (12 gencra) have but one genus of flea, Arctopsylla, that
appears to be definitely associated with some of them. This belongs to the
Vermipsyllidae, a peculiarly specialized family, some members of which seem
to be true parasites of Artiodactyla in other parts of the world. While many
other fleas have been recorded from Carnivora, all (with the possible exception
of one or perhaps two species of Nearctopsylla (Hystrichopsyllidae), on Muste-
lidae) may be regarded as accidental occurrences, to be explained by the predatory
habits of these animals, whereby they become temporary hosts to the fleas of
their victims.

The typical rodents, suborder Simplicidentata of the Rodentia (23 genera)
possess 27 genera of fleas, plus four shared with the Insectivora. Of these, 17
belong to the Hystrichopsyllidae, and the remaining 14 to the Ceratophyllidae.

The suborder Duplicidentata, or pikas and rabbits (3 genera) have five .
genera of fleas, three belonging to the Ceratophyllidae and two to the Pulicidae.

The Artiodactyla, in northern North America are not ordinarily considered
to have any true fleas, although there are several instances of Pulex irritans
having been collected from deer, Odocoileus. In view of the association of the
related genus Juxtapulex with Pecart and the fact that P. irritans readily infests
domestic swine, it may be that these records are not the result of accident as has
been supposed, but are further evidence of a true relationship between the
even-toed hoofed mammals and some Pulicidae.

The two genera of fleas known to infest birds in Canada (Ceratophyllus
and Dasypsyllus) plus one other (Mioctenopsylla, not yet reported, but doubtless
occurring in the Canadian Arctic) have their affinities with the typical rodent
fleas (subfamily Ceratophyllinae) and may have found their origin in the trans-
ference of certain fleas from arboreal rodents to avian nests in comparatively
recent geologic times. Predation of small mammals by certain raptorial birds
probably also played a part. The two genera of bird-fleas known from Canada
have been collected from 36 genera of birds (excluding poultry) belonging to
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nine orders. While a few of the species are fairly definitely associated with
particular birds (as certain swallow-fleas) it will be seen that most of these fleas
infest birds rather indiscriminately, and have developed none of the striking
relationships evidenced with the mammal-fleas.

The following table summarizes the data on the relation of families of fleas
to orders of hosts insofar as Canada is concerned. :

An amplification of some of the above data is contained in the next table,
which shows the approximate relationship between families, subfamilies and
genera of indigenous Canadian fleas to genera, families and orders of hosts.
Further information pertaining to this phase of study will be found in the section
on Geographical Distribution (p. 29) and in the Host-Flea Index (p. 183).
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Table II

Trends of host relationship

FLEA | { HOST
|
FAMILY AND SUBFAMILY | GENUS GENUS FamiLy ORDER
| |
PULICIDAE ) | ) . ) -
Spilopsyllinae Cediopsylla | Sylvilagus Leporidae Rodentia (Duplicid.)
Hoplopsyllus I Lepus Leporidae Rodentia (Duplicid.)
Pulicinae Pulex |, Odocoilens (?) Cervidae Artiodactyla
|
VERMIPSYLLIDAE Arctopsylla ‘ Euarctos & Ursus Ursidae Carnivora
| Canis Canidae Carnivora
Gulo Mustelidae | Carnivora
Felis & Lynx Felidae Carnivora
HYSTRICHOPSYLLIDAE
Hystrichopsyllinae Saphiopsylla several several | small Rodentia
Atyphloceras and Insectivora
Hystrichopsylla
Stenoponia
Neopsyllinae Catallagia Peromyscus Cricetidae Rodentia (Simplicid.)
Delotelis Microtus etc. Cricetidae Rodentia
Epitedia Peromyscus Cricetidae Rodentia
Neopsylla Citellus Sciuridae Rodentia
Tamiophila Tamias Sciuridae Rodentia
Meringis | Perognathus Heteromyidae Rodentia
Rhadinopsyllinae Micropsylla Peromyscus Cricetidae | Rodentia
Rectofrontia Citellus etc. Sciuridae Rodentia
Trichopsylloides ‘ A plodontia Aplodontidae Rodentia
Ctenophthalminae Ctenophthalinus Insectivora and
small Rodentia
Doratopsylla ‘ Blarina Soricidae Insectivora
Corrodopsylla Sorex Soricidae | Insectivora
Anomiopsyllinae | Callistopsyllus Peromyscus Cricetidae Rodentia
Megarthroglossus Neotoma and Cricetidae and Rodentia
Tamiasciurus Sciuridae Rodentia
Conorhinopsylla Glaucomys and
Tamiasciurus Sciuridae Rodentia
Nearctopsyllinae Corvpsylla Scapanus Talpidae Insectivora
| Nearctopsylla Sorex Soricidae Insectivora
CERATOPHYLLIDAE [
Amphipsyllinae \ Amphipsylla Clethrionomys Cricetidae | Rodentia (Simplicid.)
| Ctenophyllus Ochotona Ochotonidae | Rodentia (Duplicid.)
Odontopsyllus Sylvilagus Leporidae | Rodentia (Duplicid.)
Dolichopsyllinae Dolichopsyllus A plodontia Aplodontidae Rodentia (Simplicid.)
Ceratophyllinae | |
(Group A) Orchopeas several Cricetidae and Rodentia
Sciuridae Rodentia
Opisodasys several Cricetidae and Rodentia
Sciuridae Rodentia
Tarsopsylla Glaucomys and Sciuridae Rodentia
Tamiasciurus
(Group B) Amphalius Ochotona Ochotonidae Rodentia (Duplicid.)
Dactylopsylla Thomomys Geomyidae Rodentia (Simplicid.)
Foxella Thomomys Geomyidae Rodentia
Thrassis Citellus and Sciuridae Rodentia
Marmota Sciuridae Rodentia
Oropsylla Citellus and Sciuridae Rodentia
Marmota Sciuridae Rodentia
Opisocrosti's Citellus Sciuridae Rodentia
(Group C) Cerato phyllus many several Class AVES
Dasypsyllus many AVES, mostly
Passeriformes
Malaraeus several Cricetidae Rodentia
Megabothris several Cricetidae and Rodentia
Sciuridae Rodentia
Monopsyllus several Cricetidae and Rodentia
Sciuridae Rodentia
Leptopsyllinae Peromyscopsylla Peromyscus and Cricetidae Rodentia
Neotoma Cricetidae Rodentia
ISCHNOPSYLLIDALE Eptescopsylla Lasionycteris Vespertilionidae Chiroptera
Myodopsylla Myotis Vespertilionidae Chiroptera
Myodopsylloides Eptesicus Vespertilionidae Chiroptera
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GEOGRAPHICAL DISTRIBUTION OF FLEAS IN CANADA

Extensive collecting of fleas over wide territories reveals the fact that the
various species exhibit marked limitations in geographical distribution, inviting
speculation and study as to the reasons for such restriction. From the evidence
at hand it would seem that geographical range of flea species is controlled in
two principal ways which might be briefly defined as (1) distribution of true
or typical hosts and (2) climatic or other ecological factors independent of the
range of the preferred host or hosts. Enlarging upon these:

1. DISTRIBUTION OF THE ‘“‘TRUE HOST"'

As some fleas show marked preferences for particular hosts, it is obvious
then that the geographical range of such fleas will be directly controlled by the
distribution of the hosts. For example, Amphalius necopinus and Ctenophyllus
terribilis are specific parasites of the rock rabbit or pika (Ochotona sp.)and are
never found outside the range of this mammal. So very particular are these
two species of fleas that there are not any available records of their occurrence
on any other mammals whatsoever. Other fleas however, while definitely
associated with a particular host, are not infrequently taken on the predators of
that host, or as strays on other mammals that may be in close association with
the host. An example would be Orchopeas 6-dentatus ssp., a true parasite of
the woodrat (Neotoma cinerea ssp.) but not infrequently taken on such predators
as the spotted skunk (Spilogale) and weasels and mink (Mustela) or on such
associated mammals as Ochotona, when pikas and woodrats inhabit the same
rocky talus. (Compare, however, with the true pika fleas previously mentioned,
which are not shared with the woodrat!) Again, Foxella ignota ssp. is a true
parasite of pocket gophers (Thomomys), but is sometimes taken on weasels
( Mustela) or on ground squirrels (Citellus) where these mammals are in contact
with Thomomys.

The physiological requirements of these monozoid fleas are extremely
delicately balanced. This is well shown by the fact that within the range of
the “true host” some of them (as with the examples quoted above) may be
recorded upon other mammals, sometimes closely related, and frequently mam-
mals of wider distribution than the true host—and yet the distribution of the
flea continues to remain restricted! This appears to indicate that while these
latter or secondary relationships do exist, occurring through predation or habitat
association, the fleas are unable to reproduce on these unnatural hosts. Either
the host’s blood is distasteful or otherwise unsuitable for the adults, or nest
conditions are in some way unsatisfactory for the flea-larvae.  Orchopeas howardiz
offers an example. This flea is confined (normally) to eastern North America
where its range coincides with that of the grey squirrel, Sciurus carolinensis ssp.,
which may be regarded as the true host. It is not infrequently taken on red
squirrels, Tamiasciurus hudsonicus and flying squirrels, Glawucomys spp. and
other mammals, such as mice, weasels, opossum, etc. (Fox 1940:60-62 lists
records from 18 genera of hosts) so long as these mammals occur within the
range of Sciurus carolinensis. The red squirrels and flying squirrels mentioned,
logically the most suitable of all these alternative hosts, and of much wider
geographical range than S. carolinensis, are apparently not satisfactory to the
well-being and propagation of this very selective flea, as it 1s not found on these
mammals in areas outside of the distribution of the true host. That the limitation
in distribution is not governed by climatic or other factors rather than host-
preference is evidenced by the fact that O. howardii is well established in various
areas of the British Isles where Sciurus carolinensis has been introduced. The
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red squirrel, Tamiasciurus hudsonicus ssp. on the other hand, is parasitized by
the widespread Orchopeas caedens ssp. throughout its range.  Where the range
of this squirrel terminates in south west British Columbia, the range of O. caedens
terminates also, being replaced by Orchopeas nepos, a distinct species, infesting
the equally distinet Tamiasciurus douglasst (sce map 30).

This is a phase of flea study that requires much further attention. Accurate
recordings of the flea species reared from the nests of known species of mammals
and birds would reveal much to augment our knowledge as to which were the
true hosts and which transitory. I‘rom the data now available, the following
table scems to present a vahid statement on certain fleas geographically restricted
in Canada by reason of the limit of range of specific or true hosts.

2. GEOGRAPHICAL LIMITATION BY CLIMATIC FACTORS

The distribution of certain other fleas does not scem to be entirely dependent
upon the territory occupied by a specific or preferred host. With these, the
distribution in a particular direction may be stopped by a physiographical
barrier, usually, but not always, a mountain range, although the hosts may
continue past the barrier. The mouse fleas, which are profuse in numbers and

variety make a particularly interesting demonstration in this connection. Some
genera and species are highly specific (as Meringis shannont on Perognathus
parvus ssp.) but many appear to infest rather indiscriminately all genera and
species of mice within a particular district. For example, the writer collected
Megabothris abantis at Kinbasket Lake, B.C., from Peromyscus, Phenacomys,
Zapus, Microtus, Clethrionomys and even from Neotoma, Ochotona and Mustela.
The last three of these were probably accidental strays, but many specimens
were collected from the five genera of mice named, and it is likely that all,
especially the microtines, are satisfactory hosts. Mice of these genera (though
not of the same species or subspecies) are found in a more or less continuous
population across the Dominion, but Megabothris abantis does not appear to
occur east of the Rockies! It is extremely local in distribution, being rather rare
at low altitudes, especially in dry open country, but quite common in forested
areas, especially in the mountains. The factors determining its range cannot
be the lack of suitable hosts in adjacent territory, as the mouse situation remains
sufficiently constant. Nor does it appear to be excluded by a competitive
species. The flea would seem, then, to be directly affected by the only apparent
variable, namely, the climate. Probably altitude (barometric pressure), relative
humidity and temperature are all contributors to the limitation of its distribution.

Again, there are a number of fleas such as Amphipsylla spp., Malaraeus
penicilliger ssp. and Monopsyllus thambus, which apparently are falrly common
on mice of various genera across the northlands but rare or absent in southern
Canada, except in the subalpine regions at high altitude in the western mountains,
where the climate is subarctic in character.

To cite an example from the bird-fleas—Dasypsyllus gallinulae perpinnatus
1s known only from the Pacific coast of British Columbia, Washington, Oregon,
California and Mexico, where it has been taken on a large variety of birds,
mostly passerines, no one of which could be termed the specific or true host.
As many of these birds, such as juncos, towhees, robins, etc. occur also east of
the coast mountains, why has this flea not been recorded from, say, central
British Columbia, let alone territories still farther east ? Surely the answer lies
in the fact that this flea requires a type of nest (the exact genus or specics of the
bird host not being important) in country supporting a climate with a relatively
high mean humidity, and perhaps certain temperature limits. As the nests
of most passerines are open and exposed directly to the atmosphere, it may be
quite readily seen that it is possible for the humid atmosphere of the coast to
present suitable breeding conditions for these fleas, whereas the dry climate
and more extreme temperatures of the interior of British Columbia, even though
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Table III
Canadian fleas limited geographically principally by reason of their host specificity

FLEA

TRUE HOST

REMARKS

Hystrichopsylla schefferi
Trichopsylloides oregonensis
Dolichopsyilus stylosus

“‘mountain beaver'’,
A plodontia rufa ssp.

Occasionally taken on predators of mt. beaver;
e.g. Mustela vison and Spilogale gracilis.

Corypsylla ornata
Nearctopsylla jordani

western moles,
Scapanus and Neiirotrichus

Occasionally taken on associated mammals, e.g.
Sorex, Microtus, Peromyscus, etc.

Doratopsylla blarinae

short-tailed shrew,
Blarina brevicanda

Occasionally on Sorex, Parascalops, etc.

Corrodopsylla curvata ssp.

long-tailed shrews, Sorex sp.

Sometimes on Blarina. Neiirotrichus Microtus, etc.

Neopsylla inopina
Opisocrostis t. tuberculatus

ground squirrels, especially
Citellus r. richardsonii

Also on Citellus columbianus in S.E. Brit. Col.
where a more or less continuous ground squirrel
population leads thro’ mountain passes to

C. richardsonii on the plains.

Tamiophila grandis

Eastern chipmunks,
Tamias striatus ssp.

Occasional records on other mammals.

Meringis shannoni

pocket mice,
Perognathus parvus ssp.

Also on Peromyscus, near colonies of Perognathus
but not elsewhere .

Amphalius necopinus
Clenophyllus terribilis

pikas or conies,
Ochotona spp.

No other records.

Ceratophyllus riparius
Ceratophyllus c. celsus
Ceratophyllus idius
Ceratophyllus petrochelidoni

Riparia riparia
Riparia riparia
Iridoprocne bicolor
Petrochelidon albifrons

These fleas appear to be definitely associated with

the species of swallows named, although there are

too few records available for one to be sure that the

gga&s occur thiroughout the breeding range of the
irds.

Dactylopsylla comis
Foxella ignota ssp.

pocket gophers,
Thomomys talpoides ssp.

Sometimes taken on weasels in pocket gopher
country.

Monopsyllus vison
Orchopeas caedens ssp.

red squirrels,
Tamiasciurus hudsonicus

Sometimes on weasel and marten.

Monopsyllus ciliatus protinus
Orchopeas nepos

Douglas chickaree,
Tamiasciurus douglassi

Sometimes on chipmunks, weasel, mink, marten,
spotted skunk.

Monopsyllus e. eumolpi

western chipmunks,
Eutamzias spp.

Rarely on Tamziasciurus, Citellus columbianus,
Microtus.

Odontopsyllus dentatus
Cediopsylla spp.

cottontails,
Sylvilagus spp.

no other records.

Opisocrostis bruneri

Franklin ground squl.
Citellus franklinit

Occasional on other Ciutellus.

Opisocrostis labis

Richardson ground squl.
Citellus r. richardsonii

Very specific. No records from C. columbianus
(Cf. Neopsylla inopina and Opisocr. tuberculalus)

Oﬁ{sodasys pseudarctomys
Opisodasys vesperalis

flying squirrels,
Glaucomys spp.

Rarely on Tamiasciurus.

Orchopeas howardii

grey squirrels,
Sciurus carolinensis

Rarely on Tamiasciurus and Glaucomys.

Orchopeas 6-dentaius agilts

woodrats, Neotoma
cinerea ssp.

Not infrequently on Ochotona when woodrats occupy
same rockslides. Also on predators.

Oropsylla arctomys

woodchucks, Marmota
monax ssp.

Rarely on Marimota caligata.

Oropsylla tdahoensis

ground squirrels,
Citellus lateralis and
Citellus columbianus

common on predators.

Oropsylla rupestris

Ricllardson ground squl.
Citellus richardsonti

Occasional on weasels, rats (Ratfus).

T hrassis acamantis

groundhogs, Marmota
NMaviventris avara

Rarely on other liosts.

Thrassis spencert

whistlers, Marmota
caligala ssp.

Sometimes on predators (Ursus spp., Gulo luscus etc.)

Hoplopsyllus glacialis lynx

varying hare, Lepus
americanus group

Frequently on predators such as Lynx canadensis,
Lynx rufus, Vulpes spp. etc.
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the same birds were nesting, would prohibit development.  Limitation of dis-
tribution of this type thus is almost undoubtedly controlled by factors which
affect the tlea larva rather than the adult.  An adult Dasypsyllus could probably
exist quite satisfactorily in the relatively stable microclimate of its host’s feathers,
no matter where the bird chose to live, but the delicate soft-bodied flea larva,
exposed to the macroclimate of the outside world would not necessarily find
local conditions to be suitable.

The problem of climate influence in the study of flea distribution brings one
to the consideration of the complexities of “life zones’’ in Canada. Anderson
(1937) gives an outline of the faunas of Canada based on the broad divisions
worked out by Merriam. Halliday (1937) in ““A Forest Classification for Canada”
gives an outline of climate, soil type and floral divisions for the Dominion which,
with a detailed map also provides a convenenient terminology.

The following table summarizes some of the information available at present
on Canadian fleas whose distribution appears to be limited by climatic factors.
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Table 1V
Canadian fleas limited geographically by climatic factors

PREFERRED HOST

FLEA

RANGE IN CANADA

White-footed mice,
Peromyscus spp.

(These mice are among the
most cosmopolitan of our
native mammals, occuring all
across the Dominion and far
into the northlands)

Micropsylla sectilis ssp.

Atyphloceras multidentatus
Peromyscopsylla h. pacifiza

Opisodasys keeni
Malaraeus telchinum

Orchopeas leucopus

Monopsyllus thambus

Monopsyllus wagneri ssp.

Epitedia wenmannt

Callistopsyllus terinus

Callistopsyllus campestris
Catallagia charlottensis

Catallagia decipiens

West of Rocky mountains to Pacific coast.

West of Pacific coast mountains (Cascades) in

southern B. C. only.

West of Rockies only, to Pacific coast. including
islands.

Dominant flea of Peromyscus in eastern Canada
and the N. W. T. and probably northern B. C.
Replaced by other species elsewhere.

Common only in the far north.

3 subspecies. Dominant fleas of Peromyscus from
southern part of Manitoba westward to Pacific.

Common from Atlantic seaboard to parts of B. C.
but not west of Cascades. Occurs in N. W. T.
Apparently missing from Coast Forest and Colum-
bian Forest Regions.

Known only from Columbian Forest Region of
British Columbia.

Great Plains Region only.
Common only west of Cascades in B. C.

Common from east of Cascades to Saskatchewan,
but not east of here.

Microtines (Microtus,
Clethrionomys, Phenacomys)
also Zapus

(As a group, even more
widespread than Pero.nyscus)

Malaraeus penicilliger ssp.
Amphipsylla s. pollionis

Megabothris abantis

Peromyscopsylla selenis

Peromyscopsylla catatina
Stenoponia americana
Saphiopsylla bishopi

Delotelis telegoni

Probably common in the N. W. T. and Yukon, but
rare or absent farther south, except at high altitudes
in B. C. and Alberta mountains.

Common from Rockies to Pacific coast, especially
in forested areas and in the mountains.

Common in the mountains of B. C. and Alta. Also
in the N. W. T., and extending as far east as
Manitoba.

Eastern Canada only.

Rockies to Pacific only. Rare.

Lice and insectivores

Clenophthalmus pseudagyrtes

Common from the Atlantic seaboard to the Rockies,
but not west of here.

Woodrats (Neotomna
cinerea Ssp.)
(Rockies and westward)

Peromyscopsylla ravalliensis

Rare. Usually in areas at fairly high altitude.

Weasels, marten etc.
or possibly insectivores

Nearctopsylla brooksi
Nearctopsylla hyrtact

Western Cana:la only (B. C., western Alta., and the
North).

Columbia ground squl.
Citellus columbianus
(See map 23)

Thrassis petiolatus

Common on this ground squirrel except in the
mountains where it is replaced by Orepsylla
idahoensis.

Tamiasciurus spp. Megarthroglossus spp. Rare. Very local. Western Canada only.

Neotomna spp.

(See maps 17 and 18)

Tamiasciurus and Tarsopsylla coloradensis Rare. Apparently chiefly localized to areas at high

Glaucomys

altitude, or the northlands.

Black bears (Euarctos)
and other large carnivores

Arctopsylla setosa

Known from British Columbia only.

Passerine birds

Dasypsyllus gallinulae
perpinnatus

Known only fromm Coast Forest Region of British
Columbia.

Many birds, including poultry

Ceratophyllus niger

B. C. only, but east and west of the Cascades.

Many types of birds

Ceratophyllus garet
Ceratophyllus diffinis

Widespread, but very local in distribution.







NOTES ON THE RELATIONSHIP OF NEARCTIC
AND PALAEARCTIC FLEAS

As mentioned, the fleas are undoubtedly an ancient group, originating at
some unknown time in the geologic past as temporary parasites of archaic small
mammals. The most ancient mammal remains have been discovered in Asia
which is generally conceded to be the “Mother of Continents’ and it is probable
that the fleas originated there too, spreading subsequently to other parts of the
World during the ensuing ages. The Americas probably received the remote
ancestors of some of the modern genera of fleas during the Lower Eocene.
During the ensuing periods, great diversification of mammals took place, most
strikingly shown in the larger forms, but occurring also in the small, and in their
parasites. These mammals were distributed between the “continents’ by
successive migrations and countermigrations. During the great periods of
glaciation, much of the mammal fauna, with its attendant parasite population
was exterminated across the northern part of North America. Later, with the
gradual receding of the great ice sheets, came a repopulation of what is now
Canada by mammals from three prmupql sources (1) from refugia (arcas that
were not inundated by ice), (2) from areas lying to the south, by the descendants
of the survivors of the glaciation, and (3) from Asia again, with successions of
immigrations across the Siberian-Alaskan land bridge, which still remained. As
pointed out by Williams (1934), Anderson (1937) and others, the ancestors of
most of the familiar North American mammals, and especially those of northern
Canada, arrived at this time, when the Bering Straits region was bridged across,
or while there was at least a solid ice connection, and these last migrations and
countermigrations may have been only a few thousands of years ago.  The most
important evidence for this contention lies in the striking similarity of certain
forms on the two continents today, such as the reindeer, mountain sheep, bears,
wolves, otters, wolverines, beaver, hares and pikas as well as many of the smaller
forms such as squirrels and mice.

A comparative study of the modern flea fanna of some of these mammals
in eastern Asia and northwestern North America gives added proof of this mass
immigration of mammals up to the late Pleistocene. It is a noteworthy fact
that some North American mammals which are today considered to be congeneric
with Asiatic forms are also characteristically infested, in many cases, by the
same genera of fleas! * It offers interesting data on host specificity also, which in
these instances has been maintained at least since Pleistocene times, and probably
a great deal longer! Some of the more striking examples are quoted below :
Doratopsylla and Corrodopsylla on Sorex; Arctopsylla on Ursus;, Oropsylla on
Marmota; Amphalius, Geusibta and Ctenophyllus on Ochotona;, Amphipsylla,
Ctenophthalmus, Malaraeus and Megabothris on Microtus; Monopsyllus and
Tarsopsylla on Sciurus; Neopsylla and Diamanus on Citellus; and Ioplopsyllus
on Lepus.

Other holarctic genera infest at least corresponding groups, although not
necessarily identical genera of hosts in both Old and New Worlds, c.g. Myodop-
sylla on bats: Hystrichopsylla, Stenoponia, Peromyscopsylla (or Leptopsylla) and
Clenophz‘ha/mus on various inscctivores, mice cetc., and Dasypsyllus, Ceratophyllus
and the arctic Mioctenopsylla on birds.

Still other genera, while regarded as strictly nearctic, are so close to holarctic
or palacarctic genera as to leave no doubt as to their origin.  Here would be

* Wagner (1936) and Jellison and Kohls (1939) have already drawn attention to the striking
parallel between some Asiatic and North American fleas.
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included Epitedia and Tamiophila which arc obviously from a Neopsylla-stock;
Micropsvlla, which is closely allied to the holarctic Rectofrontia and the palacarctic
Rhadinopsylla, and Cediopsylla which resembles the Old World Spilopsyllus and
like that genus, occurs on rabbits.

The genera showing closest afhinities to the palacarctic forms occur across
the north of Canada.  IFarther south in Canada and through the United States
into Mexico and southwards into South America, purcly New World genera
appear in increasing numbers and the more typically northern genera tend to
become less common.  Some of the purely nearctic flea genera infest mammals
also rnown only from the New World—such as Dolichopsyllus and Trichopsyl-
loides on the “mountain beaver'” (Aplodontia). The nearctic pocket gophers
(Thomomys and Geomys) are infested with Foxella and Dactylopsylla, which,
while not represented at all in the Old World, show certain affinities with the
holarctic Oropsylla.  Meringis and Phalacropsylla, offshoots of Neopsylla occur
on pocket mice (Perognathus) and kangaroo rats (Dipodomys ).

There are a few genere , such as Saphiopsylla, Stenoponia and Odontopsyllus,
which today are common only to castern North America and western Europe,
a peculiar state of affairs, and more difhcult to explain, as theories of recent
Atlantic connections with the northern continents are now more or less dis-
credited. Tt mayv be that these are very ancient genera, of extremely stable
character, and formerly of much wider distribution, which were exterminated in
western North America and parts of Asia during the glaciations, and that while
thev have retained their generic identity, have never become re-established over
their entire former range. Atyphloceras, of western North America is very close
to Saphiopsylla, but is unknown in Europe or Asia.
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While the great majority of flea species are pdl‘dSl‘LCS of small wild mammals
and appear to be of little or no direct economic significance, a few species are
of very immediate concern to mankind. These fleas affect us in two principal
ways (1) as domestic pests of man and livestock and (2) as potential disease
carriers.

1. DOMESTIC AND VETERINARY INFESTATIONS OF FLEAS

The following species affect man directly as domestic or livestock pests, and
are of economic concern because of their painful bites:

Ctenocephalides canis —the dog flea
Ctenocephalides felis felis —the cat flea
Ceratophyllus gallinae —the European hen flea
Ceratophyllus niger —the western hen flea
Pulex irritans : —the human flea

All of these, with the exception of C. niger, and probably Pulex irritans, are
considered to be importations from the Old World, where for centuries they have
been pests of man, poultry, cats and dogs ctc. Ctenocephalides and Pulex seem
to be well known all across the Dominion, especially in large centres of population,
and domestic infestations are frequent. Pulex is particularly abondant in
seaport areas. C. gallinae, a pest of poultry, appears to be confined to eastern
North America. It is replaced in the west by C. niger, an indigenous bird-flea
which has adapted itself to domestic conditions and is now a well know pest of
hen houses. It bites man viciously.

The human flea and dog and cat fleas thrive best in homes where moderate
conditions of dampness exist. The introduction of sawdust burners has increased
infestations of Ctenocephalides by providing favourable conditions of humidity
(in fuel bins) for development of these flecas. Pulex sometimes becomes estab-
lished in lawns or on sea beaches, in sea weed at tide line.

2. MEDICAL IMPORTANCE OF FLEAS

Fleas also assume economic importance because of the ability of certain
species to transmit diseases, particularly bubonic or sylvatic plague (Pasteurella
pestis). A great deal has been written about plague in the Old World and the
New, and the part that fleas play in its transmission. The great majority of
native Canadian species is probably of little consequence in this respect, although
some are, and others may be, of considerable importance.

To be of economic importance with regard to plague, a flea must (1) be
capable, physically and physiologically, of transmitting the discase, (2) be of
relatively common occurrence, and (3) include man on its list of preferred hosts,
or be a common parasite of a domestic or near-domestic rodent or other animal—
or in some way be an agent of transmission of this discase among animals apt
to be in contact with man.

While a number of species, mostly of foreign origin, and introduced to this
continent, have been thoroughly studied, only a comparatively small number of
indigenous species have been investigated.  Iskay and Haas (1940), experi-
mented extensively in order to determine which of the commoner California
rodent fleas can act as vectors.  Prince (1943) has added to the list of experi-
mental vectors. Burroughs (1944) added Malaraeus telchinum to the s,rm\\mq
list of potential culprits, and pointed out that it is a common species on certain
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mdigenous California muce as well as on the introduced Rattus norvegicus. The
writer (Holland, 1944) published a note on some plague-important species of
fleas in Canada, based on the findings of these rescarchers.  However, most of
the native fleas, including many of the commoner and possibly important species
remain unstudied.  In addition, the plague-potentialities of most of the native
mammals and birds remain unknown.

For many vears investigators held the opinion that plague was a recent
immportation to North America, and that the sylvatic form was to be explained
by theoretical contacts between infected domestic rodents (introduced by ships
from other countries), and native small mammals, with mutual interchange of
cctoparasites.  Now Meyer and others incline to the alternate theory that
plague has existed i the New World at least since Pleistocene times, and that
for centuries past it has probably been a population controlling factor in the
native rodent economy'.

Much evidence is available to support this latter theory, not the least of
which is the fact that the known plague foci in many, if not most instances are
discontinuous, being separated by wide gaps, sometimes of hundreds of miles.
This is difficult to explain if one adheres to the contention that all plague in
native rodents is the result of a progressive infection originating from the San
Francisco outbreak at the turn of the century.

Plague in Canada is at present known only from areas in Alberta and
Saskatchewan where it has been identified in the common ground squirrel
(Citellus r. richardsonii), and its fleas. Some of the fleas infesting this mammal
are known to be efficient plague vectors.

Following is a list of the fleas occurring in Canada that are known to be
capable of transmitting plague, at least experimentally, and which infest animals
that would tend to bring them into close contact with man.

Ctenocephalides canis on dogs, cats, rabbits, rats
Ctenocephalides felis felis dogs, cats, rabbits, rats
Leptopsylla segnis house mice, rats
Malaraeus telchinum native mice, rats
Monopsyllus ewmolpt eumolpr chipmunks

Nosopsyllus fasciatus domestic rats
Opisocrostis brunert ground squirrels
Otisocrostis labis ground squirrels
Otzisocrostis tuberculatus ground squirrels
Orchopeas 0-dentatus agilis woodrats

Oropsylla rupestris ground squirrels, rats
Pulex vrritans rats, rabbits, hogs
Thrassis acamantis marmots

Thrassis bacchy ground squirrels
Xenopsylla cheopis domestic rats

Some of these may be classed as weak vectors, while others are efficient.
Not all will bite man directly. In any case, the list is undoubtedly unrepresenta-
tive and incomplete, so that there is room for much work to be done to increase
the knowledge of relative infectivity, host specificity and potential importance
of indigenous Canadian fleas.

The mechanics and physiology of plague transmission by fleas are well
reated by Patton (1931), Wu et al. (1936), Eskey and Haas (1940), loff (1941)
and by Meyer (1947), to which works the reader is referred.

Fleas are also known to be transmitters of endemic typhus and tularaenmia,
and are important vectors of the dog tapeworn.
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NOTES ON ANATOMY, AS APPLIED TO SYSTEMATICS

A basic knowledge of the anatomy of fleas is a necessary adjunct to any
consideration of the taxonomy of the order. As the morphology of fleas, with
special reference to skeletal structure has recently been treated in considerable
detail (Snodgrass, 1946) it is necessary here to give only sufficient notes to
outline the subject, and explain the terminology used in the keys, descriptions
and illustrations.

The critical characters used in the taxonomy of the Siphonaptera are con-
tained for the most part in structural details of the exoskeleton. This involves
the presence, number, position and relative development of certain spines and
setae (referred to as bristles in many publications), and the shape of various
sclerites, particularly in the modified segments of the abdomen, which form the
genitalia. In the females, the form of the receptaculum seminis or spermatheca
is also of great importance. As a consequence, flecas may be studied satis-
torily only when adequately cleared and prepared as microscope slide whole
mounts (see Appendix B.) or dissections. The following data pertain especially
to Canadian flea fauna.

1. Heap

The head capsule of a flea has generally been considered to consist primarily
of an anterior ‘“frons’”’ and a posterior ‘“‘occiput’’” which regions were regarded
as being separated by the antennal fossae. With the exception of an inter-
antennal groove and interantennal ridge which may or may not occur on the
top of the head, fleas lack the various sutures which commonly serve to identify
the location of the elements of the insect cranium. Snodgrass shows by a study
of muscle attachments that the so called frons must be, at least in part, the
clypeus, and that a tubercle, set in a notch, and usually referred to as the “frontal
tubercle” should in actuality be termed a ‘“‘clypeal tubercle”. This structure is
not always present in any case, and its function is not definitely known, although
it has been suggested that it serves to rupture the pupal skin. Jordan (1945:
113-116) has demonstrated that in two familics (Vermlpsvllldae and Ischnop-
syllidae) the “frontal tubercle’’ may be deciduous, and varying amounts of it,
from the complete structure to a more or less smooth scar may be preserved in

individual specimens of a particular species.

In the present paper, the areas anterior and posterior to the antennal fossae
will be referred to as pre- and postantennal regions respectively.  As mentioned,
these areas may or may not be separated by an interantennal groove (dorsal
sulcus of many authors), and the degree of separation varies in different families
and genera. Oudemans (1909) and many later students used this character
to separate the Siphonaptera into two sub-orders, the Integricipita and Fracti-
cipita (whole-headed and broken-headed ﬂeas) but most students of the order
today regard the presence of this groove or “‘suture’ as being of no more than
generic value.

Sometimes the inner walls of the antennal fossae are fused, or they may be
separate, and connected by a transverse sclerified rod termed the trabecula
centralis.  When present this is visible as a round dark arca situated approx-
imately at the mid-point of the anterior margin of the fossa. Its function is to
reinforce the head capsule against lateral pressure. Certain genera (e. g. Cleno-
phyllus)have thin thread-like sclerifications visible in the genal region, partly
concealed by the eyes. These represent either the dorsal or anterior arms of
the tentortum. These internal structures are used in the identification of certain
taxonomic groups.
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The antennae, which lie protected in the antennal fossae, but which may
be erected at will, especially in the males, consist of three principal parts, (1) the
basal segment or scape, (2) the second segment or pedicel and (3) the club or
clava, which may be partally or completely divided into nine segments.  The
pedicel possesses a marginal row of setae which are short in some genera and as
long as, or longer than, the club in others.  Sometimes sexual dimorphism is
evident, in which cases these sctac may be short in the male but long in the
female.  In one Canadian genus (Callistopsyllus) part of the pedicel is produced
to form a protective sheath around the base of the club (Pl XVII, fig. 116).

The paired eves, which are simple (actually ventrally displaced ocelli,
according to Snodgrass) may be large and heavily pigmented, reduced, vestigial
or even totally absent in different genera.  In the keys, eyes which are large and
almost circular or oval in outline, and dark with pigment, are regarded as “well
developed™.  Those considered as “poorly developed™ or “reduced’™ usually are
smaller, have less pigment, and the ventral margin quite noticeably concave,
so that the eye is semi-lunar or bean-shaped. When present, the eye is located
below the antennal fossa, just above the cheek or gena. In some fleas with a
vertical comb (e. g. Corypsylla)an eye vestige may be present high on the head,
above the comb.

The gena has a posterior prolongation termed the genal process. Sometimes
this process continues around the base of the head, fusing with the occipital
margin, in which case the antennal fossa or groove is termed ‘“‘closed” (family
Pulicidae only). Otherwise it 1s considered “‘open

The vestiture and development of setae and spines on the preantennal region
are of great taxonomic importance. There is usually a number of more or less
well-developed setae which may be located singly or in rows. A single seta
located near the eye is termed the ocular seta, and, if it is one of a row of several,
the group is known as the ocular row. A row located anteriorly to this is com-
monly referred to as the frontal row (actually on part of the clypeus ?). Some-
times a number of thickened and pigmented setae (spiniforms) is present along
or near the anterior margin of the head. In some genera, the setae of the postan-
tennal region are also arranged in rows. Besides a few pairs of dermal pits or
placoids, small punctations are frequently present on the head capsule, especially
dorsally. These may contain tiny hairs.

There is very often a comb or ctenidium of heavy pigmented spines on the
head. These spines vary in number, shape and position, and are of great
importance in taxonomy. Most frequently located along the ventral border
of the gena (genal ctenidium) they may be pointed, blunt, spatulate, separate
or crossing cach other. They may be arranged horizontally, more or less obliquely
or even vertically. Sometimes spines occur along the anterior margin of the
antennal fossa. In the bat fleas (three genera) they appear as ventral flaps at
the anterior end of the head.

The mouthparts are used for piercing skin and sucking blood, and in con-
sequence the elements are elongated and otherwise adapted to this purpose.
The labium is channeled on the anterior side and bears a pair of palpi. These
labial palpi vary in length and number of (dppalent) segments in different
genera and species and are thus of importance in flea systematics. Inside the
channel of the labium lie three stilettos, which are approximately the same
length as the labial palpi in most fleas. These are a median epipharynx (erron-
cously termed the hypopharynx in many works), and a pair of serrated or
denticulate maxillary laciniae (frequently and erroneously referred to as the
mandibles). The maxillae bear 4-segmented palpi in addition to the above
mentioned laciniac. In lateral aspect, the maxillac themselves are somewhat
triangular, being broad at the base and pointed apically, but in two genera of
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of bat-fleas they are truncate. The labrum exists as a tiny sclerite just anterior
to the base of the epipharynx.

The heads of male fleas are generally smaller, flatter dorsally, and more
strongly rounded anteriorly than those of females of the same species.  Also, the
antennac arc longer, and inserted higher up on the frons. Somectimes the
antennae are so long that the antennal fossae continue onto the propleura. The
heads of the two sexes are much alike with regard to chaetotaxy (cf. figs. 3 and 4).

2. THORAX

The thorax in fleas, as with other insects, is divisible into three segments,
the pro-, meso-, and metathorax. Dorsally, cach segment bears a single un-
divided tergum or notum of which the pronotum frequently carries on its posterior
margin a comb or ctenidium of heavy spines, termed the pronotal ctenidium.
The other nota, in Canadian genera, do not bear combs, but all have one or
more rows of setae. In all families but the Pulicidae, there are a few “pscudo-
setae’’ or slender spicules arising from the posterior portion of the mesonotum,
underneath the collar or flange. The Ceratophyllidae and I[schnopsvllidae have
in addition, more or less pigmented apical spinelets located on the margin of the
collar of the metanotum, somewhat like the apical spinelets found on the ab-
dominal terga of many fleas (fig. 3).

The sterna and pleura of the thoracic segments have become much fused
and modified, and the degree of this fusion between certain elements is sometimes
of importance in taxonomy. There has been difference of opinion among
students of flea anatomy as to the identity of some of these parts. The writer
has followed Snodgrass’ work in presenting the following notes.

In the prothorax, the sternal and pleural areas are represented by a single
fused sclerite, termed the pleurosternal plate (sternopleura, prosternite of some
authors). In some fleas a length-wise ridge may be present, separating dorsally
an episternal area and ventrally an epimeral area. There is frequently a sinus
on the anterior margin of the pleurosternal plate where the cervical sclerite
articulates with it.

The mesopleura and mesosternum are also always united into a single
structure, the separate elements of which are usually fairly discernible. In
most fleas it is possible to locate an episternal and epimeral area on the meso-
pleurum by means of an inner vertical rod, attached dorsally and ventrally, and
which probably represents a detached pleural ridge. This structure is of
importance in classification.

The metanotum bears two transverse sclerified grooves, the anterior of
which is the intercostal sulcus, and the posterior, the notal ridge, which usually
gives off anteriorly a short longitudinal additional ridge. This merges into an
anterior marginal thickening which continues around the ventral edge of the
metanotum. In this manner a small area of the metanotum is separated away
from the main body of the sclerite. This area has been variously interpreted
as a detached portion of the metepisternum or as the episternum itself.

In some fleas (e. g., PL. I, fig. 1) the notal ridge continues downward and
terminates at the upper end of the pleural ridge in what appears to be a ball-
and-socket joint. In others the union of notal and pleural ridges is not so
complete (e. g., Pl. XV, fig. 97), while sometimes the junction is so complete
(PLT11, fig. 3) that the two ridges appear as one continuous structure.  Anterior
to the pleural ridge is an episternal area, fusing with the sternum much the same
as in the mesothorax. Posterior to the pleural ridge is the huge metipimerum,
which overlaps the abdomen and supplants the first abdominal sternite.  In one
subfamily (Rhadinopsyllinae) the lower lateral surface of the metepimerum
bears a heavily striated area (figs. 90, 97, 101) which is used in classification.
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This mayv have some use, along with spinelets or bristles of the hind coxae, as a
stridulating mechanism™,

There are two pairs of thoracic spiracles, located as shown in the figures.

While the soft internal parts of the flea are dissolved away by the action of
the caustic, there are one or two sclerotized structures which remain.  One of
these is the lining of the proventriculus, appearing as a ball of spicules, and
located usually in the region of the metathorax or anterior part of the abdomen
(PL. 11, fig. 2).  Itis not used in systematics.

3. LLEGS

Fleas possess three pairs of legs, of which the hind pair is usually greatly
enlarged, although all the legs appear to be used when a flea leaps. The legs
arc composced of the following segments: a large flat coxa, a small trochanter.
a large femur, an clongated tibia, and a tarsus of five segments.

The fore coxae are attached at the anterior end of the pleurosternal plate,
and hang bencath the head in a transverse plane.  Their outer surfaces are well
clothed with setac.

The mid and hind coxae articulate with the meso-and meta-thorax in a
nearly longitudinal plane, their bases being overlapped slightly by the flange-like
lower margins of the episterna and epimera of those segments. These coxae are
strengthened by outer and inner longitudinal ridges. The arrangement of setae
on the mid and hind coxae and the presence or absence of a row or patch of short
spiniform setae (used for stridulation ?) on the inside of the hind coxae is of
taxonomic significance.

The trochanter is small in all legs.

The femur is large, and the number of lateral setae on femur I is of importance
in classification.

The tibia is clongated, especially in the mid and hind legs, and is variously
armed with stiff dorsal and apical setae. Sometimes, as in Leptopsylla and
Peromyscopsylla the dorsal margin has a uniform series of setae, giving much
the appearance of a comb.

The relative lengths of certain tarsal segments is sometimes of generic
significance.  So also is the arrangement of plantar bristles on the terminal
segment. There are typically five or six pairs of these, laterally placed, but
one or more pairs may be shifted inwards in some genera, or some may be missing.
The last tarsal segment terminates in a pair of claws or ungues.

4. PREGENITAL SEGMENTS OF ABDOMEN

The flea abdomen i1s now generally considered to consist of ten segments,
although some authors have interpreted certain of the small highly specialized
sclerites of the terminalia as vestiges of segments X1 and possibly even XI1I.

The first seven, which Snodgrass terms the pregenital segments, are re-
presented by dorsal terga and ventral sterna, which are virtually unmodified.
In counting the sterna it must be remembered that the first is missing (or at least
membranous, and covered by the metepimerum) and that the first visible ventral
abdominal plate is sternum I1.

The terga are saddle-like sclerites, each overlapping the one posterior to it,
shingle-wise.  The number of lateral rows of sctae on the terga is of importance;
so also is the presence and number of apical spinelets, which represent vestigial
ctenidia.  In one genus (Stenoponia) there is a well developed ctenidium on
tergum I (Pl. X1, fig. 55) and terga 11—V have extensive series of apical spinelets.

~ * Enderlein, 1930:771-772, demonstrated that Pulex irritans “sings” by manipulating its
hind coxae (armed with spinelets) against the finely striated basal abdominal sternum.
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One genus of bat-fleas (Myodopsylla) bears ‘‘false ctenidia’ (close groups of
heavy setae) on the abdominal terga (Pl. XLI, fig. 338). Another genus (Epte-
scopsylla) has a comb on tergum VII (fig. 335).

Near the dorsal apical margin of tergum VII there is (usually) on each side
a group of from one to five conspicuous antepygidial setae. Rarely, tergum VII
is produced posteriorly into a lobe or pair of lobes which extend between these
groups. Posterior to the antepygidial setae is a sensory plate termed the pygid-
ium or sensilium, which probably represents part of the tenth abdominal segment.
Its function is not understood. It is very hairy, and contains a number of
circular depressions (trichobothria) each of which contains a long seta. In form
the pygidium is usually flat (lateral aspect) but in some genera (Hystrichopsyl-
lidae) it is very convex.

~ The sterna are the ventral counterparts of the terga. Sterna II-VI are of
more or less uniform shape, and with the exception of sternum II, which may
bear significant setae, are not much used in taxanomy. The contour of sternum
VII is frequently of great specific or subspecific value in the females. [t may be
entire, or divided by a lateral sinus into upper and lower lobes. The shape of
sternum VI is very constant in some species; in others it is highly variable. The
diversity of form of this structure probably has some relationship to the shape
of the claspers of the corresponding males, and has a function in the mating act.

Abdominal segments [-VII have laterally placed spiracles. The spirally
thickened tracheae can usually be traced to these. An occluding apparatus
may be seen on the tracheal trunks, separated from the spiracle proper by a
tubular atrium. The spiracles of segment VIII open into hairy fossae (stigma
cavities of Jordan) on the inner dorsal margins of tergum VIII, on either side of
the pygidium. These cavities may be shallow, or very large in different genera.

The remaining abdominal segments will be described with the qemtdln of
each sex.

5. MALE GENITALIA

The tergum and sternum of segment VIII in male fleas are variously devel-
oped in different families and genera. In the Vermipsyllidae these sclerites are
virtually unmodified, resembling very much the preceding segments. With
most fleas, however, one or both of these plates may be modified to form a more
or less protective shield on either side of the external genitalia.

In the bat-fleas (Ischnopsyllidae) both the tergum and the sternum are
about equally expanded posteriorly, and, with the aid of strong marginal setae,
effectively enclose the genital apparatus. The same situation occurs in three
genera of fleas classified here in the Amphipsyllinae (Amphipsylla, Ctenophyllus
and Odontopsyllus).

In some genera of the Hystrichopsyllidae (e.g. Atyphloceras, Ilystrichopsylla,
Conorhinopsylla and Meringis) tergum VIII is virtually unmodified, but sternum
VIII, while not developed sufficiently to afford much protection to the claspers,
may be expanded posteroventrally to a greater or lesser degree, and may have
special setae of characteristic form.

With the remainder of the Hystrichopsyllidae (Neopsyllinae, Rhadinopsvl-
linae, Ctenophthalminae, Anomiopsyllinae, and Nearctopsyllinae), tergum VIl1I
is somewhat reduced, and sternum VIII distinctly expanded dorsally and
posteriorly, to a degree sufficient to at least partly enclose the external genitalia.

In the Pulicidac the above trend of development reaches an extreme, and
tergum VIII is very much reduced, while the corresponding sternum is huge,
and almost completely encloses the terminalia.

In the Ceratophyllinae, the reverse is the case and tergum VI is a huge
sclerite, usually well armed with sctae, and effectively protects the genitalia.
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IFrequently the imner dorsal surface has a spicutose arca.  Sternum VI on the
other hand is reduced considerably, and in most cases exists as a slender rod
which usually bears one or two apical filamentous appendages.  In a few cases
(as in Nosopsyllus and Malaraeus telchinum) sternum VI1IL is reduced to the
merest vestige,

Tergum X of male fleas is always small, and usually exists as a very slender
sclerite arched over the abdomen just anterior to the pygidium, and merging on
cither side into the genital claspers.  These claspers are a pair of broad plates,
cach with a ventrocephalad extension termed the manubrium. In many fleas,
tergum INX has a broad apodemal plate extending cephalad above each manu-
brium and fused with it. Posteriorly cach clasper possesses one or more im-
moveable processes and an articulated or moveable process, usually termed the
moveable finger. The shape and vestiture of this structure is of extreme
taxonomic importance. There are usually two (0-3) long acetabular setac
inserted near the acetabulum or point of articulation. In one family (Pulicidae)
there are typically two moveable processes on each side and part of the clasper
lobe itself is hinged. Snodgrass (1946:51) cites evidence that convinces him
that the claspers of flecas are homologous with the parameres of certain other
msects.  Unfortunately the term “‘paramere’ is alrecady well-established 1in
taxonomic flea literature with structures which he asserts should be known as
acdeagal hooks or crochets. -

Sternum [X is usually boomerang-shaped in lateral view, with a pair of
vertical or dorsal arms which extend upwards on either side, and a posteriorly
projecting ventral arm. In most fleas the ventral arm is bifurcate, and may have
ventral and terminal lobes of particular shape, or significant arrangements of
setae and spiniforms. The apical portions may be articulated. At the angle
of sternum [X, where the elements of the two sides come together, therec may be
an apodemal rod (apophysis of many authors) extending anteriorly (Ceratophyl-
lidae, Ischnopsyllidae).

The intromittent organ of fleas i1s a most complex structure and is treated
at length by Snodgrass (1946:48-70) so that it is unnecessary to redescribe it
here in detail, other than to explain some of the sclerified structures which remain
in cleared specimens and which may have taxonomic significance. It is regretable
that Snodgrass did not take into account some of Jordan's recent works, which
also deal with the structure of the aedeagus (or phallosome). As it is, two different
terminologies have resulted.

Extending anteriorly into the abdomen is the large aedeagal apodeme
(“plate of the penis” of various authors). Below this are the penis rods (“springs’
or “levers’ of penis) which in the living insect are contained in the endophalh«
sac, and are protracted from the aedeagus in the act of copulation. These rods
may be short, or long enough to be coiled once or twice. The external aedeagus
frequently bears one or a pair of apical hooks or crochets (not parameres) of
significant shape.

Certain researches upon the structure of the acdeagus proper, carried out
by Major Robert Traub, indicate that considerable phylogenetic significance may
be demonstrated by a comparative analysis of the complexities of this organ in
various genera.  This work, when published will undoubtedly elucidate many
problems concerning the scope and relationship of flea families, and will open a
whole new field of investigation.

A small capsule-like organ with an internal network of spicules is seen in the
vicinity of each basal arm of sternum VIII in males of the Ceratophyllus-type.
This is known as the “X’" organ or “gland of Wagner'’; its function is not fully
understood.

The dorsal and ventral plates in the vicinity of the anus are regarded as
being derived from the tergum and sternum of segment X.
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6. FEMALE GENITALIA

The posterior segments of the females are not so greatly modified. Sternum
VII and its taxonomic importance has already been mentioned.

Tergum VIII is very large (much as in males of fleas of the Ceratophyllus-
type) and obscures the somewhat rudimentary elements of segment [ X. Sternum
VIII is reduced to a small ventral structure. As with the males, the anal flaps
are derived from part of segment X. Attached to the dorsal flap, or anal tergum
there is (except in the Vermipsyllidae) a small bristled appendage, the style or
stylet.

Some of the internal genital organs are of considerabie taxonomic 1m-
portance. The shape of the highly sclerotized structure known as the sper-
matheca or receptaculum seminis is particularly significant. It is composed of
a dilated portion, the head, which joins a (usually) more constricted portion,
the tail or appendix. The proximal end of this may or may not project into the
lumen of the head, and at the distal end, there is, in some genera, a small sclero-
tized papilla or process. The spermatheca connects with the bursal copulatrix
by means of a tube, the ductus receptaculi seminis. Sometimes the degree of
sclerification in this tube, or in the bursa itself is a critical character in identi-
fication. '

Ancestrally, fleas apparently had two spermathecae, and in three modern
Canadian genera (Atyphloceras, Saphiopsylla, and Hystrichopsylla) there are
two, but in all the remainder there is but one. A small blind duct, the ductus
obturatus, leading into the bursa is apparently a vestigial remnant of the second
ductus receptaculi seminis. These ducts, and other soft parts are usually
difficult to trace out in over-cleared specimens. Rarely, a flea which normally
should possess but one spermatheca, will have two (see footnote, p. 71).






THE PROBLEM OF FLEA TAXONOMY

There is at the present time, unfortunately, no general agreement among
siphonapterists upon a systematic classification of the fleas. The extreme
modification of these insects, due principally to their parasitic mode of life, the
meagreness of fossil material, and lack of intermediate forms between some
widely separated modern groups (due probably to the dying out of certain
mammal families and genera in the recent geological ages) makes their phylogeny
difficult to interpret. As Dr. Karl Jordan stated in a letter to the writer, the
problem suggests an attempt to assemble a jig-saw puzzle in which many of
the more important pieces are missing.

Baker’s classifications of 1904-1905 are of course now hopelessly out of date,
as the great bulk of the genera and species now known have been discovered
since his time. Wagner at various times up to 1939 has published classifications
which have much to commend them. Ewing and Fox (1943) published a paper
on North American fleas which includes a classification of families and sub-
families intended to accommodate the fleas of the world. Their radically
different interpretations of family and other categories have been subjects of
much controversy. The synopsis of families, subfamilies and genera listed by
Jellison and Good (Index to the Literature of Siphonaptera of North America,
1942:3-4) groups related genera with but few exceptions, but some of the sub-
families do not appear to be well placed. It is evident now that the arrangement
1s not entirely satisfactory, and Dr. Jellison has informed the writer that his
own views on the location of certain families and genera have changed since the
publication of the ‘“Index’”. Hubbard's recent monographic work (1947)
rearranges many of the genera in a different way again, but unfortunately the
changes are not supported by adequate revisions of family diagnoses, so that
some of his opinions appear illogical to the present writer. Dampf’'s (1945)
limitation of the subfamily Dolichopsyllinae to contain only the aberrant genus
Dolichopsyllus, and the erection of the subfamily Amphipsyllinae to accommodate
certain other genera not closely allied to the Ceratophyllus-type, are, to the
writer’s mind, steps in the right direction. Still, it is apparent that there has
not yet appeared a satisfactory natural classification of the flcas of North America,
nor, for that matter, of the world.

It 1s now evident that many of the important and significant structures
denoting relationship may be relatively obscure. Some of the more striking
characteristics, such as the presence or absence of ctenidia, eyes, and dorsal
“sulcus” are of comparatively little importance, and rarely of more than generic
value. Some writers have laid great stress on the “frontal tubercle’” and, on
the presence or absence of that structure, have separated genera into positions
systematically remote, when a study of genital and other characters indicates
that these genera are actually closely allied.

The pattern of the male genitalia; details of the antennae; structure of the
thorax; the internal skeletal structure of the head capsule (trabeculac and
tentorial arms); presence or absence of female stylet; relative development of
the elements of abdominal segment VIII of the males: these are among the many
characters that have been neglected by some recent workers, and which fre-
quently bear great fundamental significance.

In the writer’'s opinion, only men who have facilities for studying and
comparing fleas from all parts of the world are in a position to pronounce author-
itative judgment upon the scope of families and relationship of genera.  Dr.
Jordan, with his years of experience and access to the huge Tring collections
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occupics a unique position m this connection, and 1t 1s hoped by all students of
the order that he will be able to publish a monograph of the fleas of the world.

The primary purposc of the present paper is to provide a means for the
identifiication of Canadian fleas, together with some observations on their geo-
eraphical ranges and host relationships, rather than to revise the taxonomy of
the order.  None the less, the writer does not feel that he can subscribe fully
to any classification that has vet appeared.  Dr. Jordan has been particularly
kind in allowing the use of some of his unpublished ideas, and the classification
to follow will be based to a considerable extent on these.  The writer hopes that
the discussions and definitions of the categories used will warrant the departure
from arrangements adopted in recent works, and that they will help to clarify
these difficult problems rather than add to the confusion already existing.

[t should be clearly understood that the definitions of families and sub-
families given here apply to holarctic and nearctic genera only, as a number of
genera, from other parts of the world, but belonging to these groups, differ in
various respects, so that, if they were to be included, certain limitations of the
diagnoses would be necessitated.

Seven families of fleas (as here considered) occur in North America. Two
of these, Tungidae and Malacopsyllidae, are not known from Canada. Of the
five familics occurring in this country, the Pulicidae is well set off from the others,
having a number of very special modifications. The members of the small
family Vermipsyllidae, too, are readily distinguished from all other fleas, having
certain peculiar adapt'mons or combinations of characters not found elsewhere.
Of the three remaining families, the Ischnopsyllidae have special characters,
relating particularly to the head capsule. In addition, this family is strlctly
associated with the bats (Chiroptera). However, in many ways, these fleas
are generalized and not far removed from the Leptopsyllinae, a subfamily placed
here in the Ceratophyllidae.

In recent literature there has been very little concurrence of opinion on the
scope of the Ceratophyllidae (or Dolichopsyllidae) and the Hystrichopsyllidae.
This, to a considerable extent, has been due to difference of opinion as to the
fundamental significance of the fracticipit head as opposed to the integricipit
type. As mentioned elsewhere, many genera are intermediate in this respect.
Furthermore, others are proved to be close relatives by other characters, although
one may be broken-headed while the other has the head capsule entire (as
Stenistomera and Callistopsyllus). The characters used here to separate Hystri-
chopsyllidac and Ceratophyllidae pertain particularly to the terminal abdominal
segments of the male, and the thorax. In addition, the former family tends to
have more ctenidia, but there are many exceptions.
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NOTES ON THE ILLUSTRATIONS

As space in this paper does not permit of complete redescriptions of each
individual species, conclusions drawn from a study of the keys and notes must
be checked against the illustrations which show the more important diagnostic
structures.

The figures are plain line drawings, made with the aid of a camera lucida.
Except where otherwise stated, or where illustrations are copied from previous
works, all these drawings are made to the same scale (approximately X 93), so
that some idea may be had of the relative sizes of corresponding structures in
various genera and species of fleas. All drawings are prepared from the left
lateral aspect. Internal thicknesses and underlying structures are usually
represented by dotted lines, and sometimes by stippling. When eyes are well
developed and heavily plgmented they are indicated in solid black. When
reduced or vestigial, they are not shaded, but represented in plain or dotted
outline. The drawings of the heads do not as a rule include the antennae or
mouthparts except where these are specially mentioned in the keys. Setae
(=bristles of many authors) are usually unshaded. True spines such as those
frequently on the head and pronotum and sometimes the abdomen are represented
in solid black. So also are the pigmented spiniforms and heavy setae sometimes
to be found on the male genitalia and other parts of the body.

In comparing specimens with the drawings, it must be remembered that a
certain degree of variation is allowable. In some highly variable structures as
the sternum VII ( Q) of some species, several examples may be illustrated.
Fleas lend themselves far more readily to illustration than to verbal description.
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GLOSSARY OF ABBREVIATIONS USED IN THE KEYS AND
ILLUSTRATIONS

Abd.
Ac.
Aed.
An.
Ant.
Ant.F.

Antp.S.

B.cop.

CL
Clp.
Clp.T.
Clv.
Coll.
&icC.

C.Scl.
Ct.
Cx.

D.P.
D.r.s.
Ephy.
Epm.
Eps.

Fm.
Fr.

GLW.
G.P.

Intc.S.
Int.G.
bt RR .

I..
96
IL)o).
Lbr.

M.
Mb.
Ms.

abdomen; abdominal
acetabulum; acetabular
aedeagus; aedcagal
anus

antenna

antennal fossa
antepygidial setac
apodeme; apodemal

bursa copulatrix

clasper lobe

clypeus

clypeal tubercle

clava

collar of spermatheca

crochet of aedeagus (“para-
mere’’)

cervical sclerite

ctenidium

coxa

ductus obturatus
dermal pits
ductus receptaculi seminis

epipharynx
epimerum
episternum

moveable process(es) of
clasper

femur

frons; frontal

gena; genal
gland of Wagner
genal process

intercostal sulcus
interantennal groove
Interantennal ridge

labium; labial
lacinia

lobe
labrum

manubrium of clasper

membranous appendage

meso—pertaining to thoracic
segment [1

51

Mt.

Mx.
N.
N.R.
Oc.
P.
Pd.
Pl.
Plp.
PILR

PL.St.

Pn.
Pr.

Ps.S.
Pvt.
Pvg.

Rd.
R.s.

Sc.
Sn.
Spf.
Spic.

Spl.
Spr.
St.
Stig.
Stl.
Str.

meta—opertaining to thoracic
scgment 1
maxilla; maxillary

notum; notal (of thorax)
notal ridge

eyve; ocular

immoveable process(es) of
clasper

pedicel of antenna

pleurum

palpus

pleural ridge

pleurosternal plate

penis

pro—pertaining to thoracic
scgment |

pscudosctac

proventriculus

pyvgidium

rod(s)
spermatheca or receptaculum
seminis

scta(e)

scape of antenna

sinus

spiniforms

spiculose area of tergum VIII
(")

apical spinelets

spiracle

sternumnl

stigma cavity of tergum VIII

anal stylet

striated arca of metepimerum
or sternum 11

abdominal tergum; tergal
tibia

trabecula centralis
tentorial arms

thorax, thoracic

trochanter

tarsal segments

plantar bristles of tarsus \

unguis

I, 1L, T, 1V ete. segmental numbers



THE SIPIHHONAPTERA OIF CANADA

Note: In the locality records of the various species discussed, the political
divisions (provinces, territories) and larger islands of the Dominion of Canada
will be indicated by the following abbreviations:

B.C. British Columbia N.S. Nova Scotia

Alta.  Alberta P.E.1.  Prince Edward Island

Sask. Saskatchewan N Yukon Territory

Man. Mlanitoba N.W.T. Northwest Territories
V.1 Vancouver Island (B.C.)

Ont.  Ontario
Que.  Quebec
N.B. New Brunswick

Q.C.1.  Queen Charlotte Islands (B.C.)
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reliable.

1

2 (1)

4

10

KEY TO THE GENERA OF CANADIAN FLEAS

As the families and subfamilies of fleas are defined by complex combinations
of characters rather than by single peculiarities, a natural key separating the
various categories of necessity becomes very lengthy and involved in order to be
Even then, some of the fundamental characteristics are relatively
obscure and not easily identifiable by the beginner, or sometimes may be difficult
to interpret in individual specimens, which are damaged or not well prepared.
From the standpoint of identification only, an artificial key, separating genera
by means of more readily discernible characters,is far more satisfactory. Accord-
ingly, the following key is designed to facilitate accurate generic assignment of
specimens, without attempting to demonstrate phylogenetic relationships.

(2)

(1)
(1)

(7)

(6)

(9)

With pronotal ctenidium . . ... ... ... ...
Without pronotal ctenidium. .. ... ... ... ... ... ... .. ... ...,

With one row of sctac on abdominal terga [1-VI. Antepygidial sctae
I ES I L e e
Anterior abdominal terga cach with two rows of sctac. Antepygidial
setac lacking Abdomens of @ @ sometimes considerably ex-

panded (ig. 32). ... ... ... ... ... a. Arctopsylla, p.
Pleural ridge present in mesothorax (fig. 26).
On Rattus. .. ... ... .. . .. . ... .. ... g. Xenopsylla, p.
Mesothorax lacking pleural ridge (hg. 23)............ g. Pulex, p.

With genal ctemidium. .. .. ... ... . ..
Without genal ctenidium. . ... ... ... .. ... . ... .. ... . ...

Abdominal tergum I with well developed ctenidium
S . . . . . e g. Stenoponia, p.

Abdominal tergum I without ctenidium. ... ... .. ... ... .. ...,

Anterior abdominal terga cach with one row of setae. .. ... ......
Anterior terga with two or more rows of setac. . . ... ............
Anterior abdominal terga with heavy sclerotizations.  Apical

spinelets present (hg. 137). . ..., .. ... ... ... ... g. Corypsylla, p.
Terga without sclerotizations or apical spinelets. ... ........ ... ..
Genal ctenidium more or less horizontal, with sharp, slightly curved

spines (fig. 11).  On cats, dogs, and wild carnivores
g. Clenocephalides, p.

Genal ctenidium oblique, with blunt spines (fig. 7).

On native Leporidac. .. ... ... .. . . g. Cediopsvlla, p.
Genal spines represented as two flaps, located at anterior end of head
(hgs. 334, 337, 345). On bats or in bat roosts, caves, etc. . ........
Genal spines variable in form and number, but not as above. Not
onbats.. ... ... ..
Maxillac acuminate. Head pointed anteriorly (fig. 334). Tergum
VII distinguished by strong “false comb’ (fig. 335)

69

67
66

103

64

60

10

12

o. Isptescopsylla, p. 179

Maxillae truncate; head more rounded (figs. 337, 345). Terga 1-\'11
much alike with regard to vestiture. ... ... . L
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1]11“!

12 (9)

13(12)

14(12)

15(14)

16(15)

17(16)

18(16)

19(14)

20(19)

21(20)

22(21)

FIHE SIPHONAPTERA OF CANADA

Abdominal terga 1-VIT with false combs (hg. 338). ¢. Myodopsylla, p. 180
Terga without false combs, but with a few apical spinclets

e BA6). . ... e e e e g. Myodopsylloides, p. 181
Metepimerum bearing densely striated area (figs. 90, 97). Head not
divided above antennal fossae. Males lacking antepygidial setae.. 13
Metepimerum not as above. Head more or less divided above anten-

nal fossac. Males with antepygidial setae. ... ... ... . ... . ... .. 14
l.ower portion of metanotum divided by a transverse ridge

(hg. O7) . . g. Rectofrontia, p. 91
Metanotum not divided as above (fig. 90). Chaetotaxy of head
similar to above (hgs. 89,94) ... ... . ... . ... .. g. Micropsylla, p. 89
Genal ctenidium of more than two spines. ... ... ... ... . .... 19
Genal ctenidium of two spinesonly. .. ... .. L L. 15
Genal spines separate, not overlapping. Head “helmet shaped”

(hg. 316). . ... g. Peromyscopsylla, p. 175
Genal spines overlapping cach other. Head not “helmet shaped”
(example, fig. T1) ... 16

Tarsus V of some or all of the legs with the basal pair of plantar
bristles moved subventrally (fig. 85). Row or patch of spiniforms

on inside of hind coxae. ....... ... . ... . ... . 17
All plantar bristles lateral. Spiniforms of hind coxae reduced to
slender hairs. .. ... .. 18

All tarsi V with four lateral pairs of plantar bristles and a basal
submedian pair. No clypeal tubercle (fig. 84). Pygidium flat.

g. Meringis, p. 88
Pro- and mesotarsi as above. Metatarsus with four lateral pairs
only; no basal submedian bristles. Clypeal tubercle present (fig. 71).
Pygidium convex. . ... ... ... g. Epitedia, p. 83

Basal abdominal sternum ventrally margined with setae. Large
fleas (usually over 4 mm.). On eastern chipmunks (Tamias)
g. Tamiophila, p. 88

Basal abdominal sternum without ventral setae. Medium size

(under 3 mm.). On Citellus spp. .. ............. g. Neopsylla, p. 86
Genal ctenidium of three spines (fig. 104).  Apical segment of labial
palpus with hook-like seta (fig. 105)......... g. Ctenophthalmus, p. 93
Genal ctenidium of more than three spines. labial palpus not as
AbOVe . ... e e 20
Genal ctenidium of four spines. .. .. .. ... o Lo L 21
Genal ctenidium of more than four spines. .. ... . ... . . 23
Two spiniforms near frontal angle. Genal spines arranged ver-
ticallv (hg. 312) ... ... ... .. a. Leptopsylla, p. 174
No spiniforms. Genal spines arranged horizontally along ventral
margin of head . ... ... ... 22

Genal process visible above last spine (fig. 111).  Tergum VII with
a pair of processes extending posteriorly between the two sets of

antepygidial setae (hg. 112) ... ... ... ... .. g. Corrodopsylla, p. 95
Last genal spine nearly concealing genal process (fig. 108). No
processes on tergum VI ... o oo ¢. Doratopsylla, p. 94



23(20)

24 (4)

25(24)

26(25)

27(24)

28(27)

29(28)

30(29)

31(30)

32(30)

33(32)

34(28)

35(34)

36(35)

KEY TO THE GENERA OF CANADIAN FLEAS

Genal spines five or more, long and slender, and in an oblique row
(hg. 42). Females with two equal spermathecae. lLarge to huge

feas. .. ... ... .. ... . g. Hystrichopsylla, p.
Genal spines five, spatulate, and arranged vertically (fig. 140).
Single spermatheca. Medium sized fleas. . . . .. g. Nearctopsylla, p.

Anterior abdominal terga each with but one row of setac. . ... ... ...
Anterior terga each with two or morerowsof setae................

Eyes well developed (fig. 18). Abdominal terga lacking apical
spinelets. . . ... ... L g. Hoplopsyllus, p.

Eyes vestigial. Apical spinelets present. . .............. ........

Labial palpus 4-segmented. Pedicel of antenna forming a sheath

around base of clava (fig. 116)............ ... g. Callistopsyllus, p.
Labial palpus S5-segmented. Pedicel of antenna not as above
(hg. 122) . ... g. Megarthroglossus, p.

Metepimerum with densely striated area (fig. 101). Males lacking
antepygidial setae. On Aplodontia. ........ g. Trichopsylloides, p.

Metepimerum not as above. Males with antepygidial setae. .. ...

Trabecula centralis visible as a pigmented elliptical or circular area
in head capsule near anterior margin of antennal fossa, above eve
(examples: figs. 3, 4) . ... .

Trabecula centralis lacking. . . ........... .. ... ... .. ... .. ......

Postantennal setae fairly numerous, and arranged in oblique rows.
Postantennal setae reduced in number, and not in oblique rows

(hg. 134) . . .. . g. Conorhinopsylla, p.

Patch of spiniforms on inside of hind coxa................. ... ...
Hind coxae lacking spinifforms. .. .............................

Preantennal region with two rows of setae (fig. 59). lLabial palpus

not reaching apex of fore coxa............... ... g. Catallagia, p.
Preantennal region with three rows of setae (fig. 68). Labial palpus
aslong as forecoxa.............. ... .. ... .. ..... g. Delotelrs, p.

Pygidium convex. Numerous apical spinelets on abdominal terga.
Females with two equal spermathecae. . .. ... ...... .. ........ ...

Pygidium flat. A few spinelets on anterior abdominal terga.
Females with single spermatheca. . ....... . ... . g. Amphipsylla, p.

Clypeal tubercle situated very low down, near oral margin (fig. 38).
Western North America only. . .. .. oo ....g. Atyphloceras, p.

Clypeal tubercle situated higher up (fig. 35). Eastern North
AMeriCa. . .. ..o vt g. Saphiopsylla, p.
Eves vestigial, unpigmented . . ... ... L
Eyes of medium to large size; pigmented . . ... ... ... .. ... . ...
Sclerified tentorial arm clearly visible in genal region (fig. 166).
On Aplodontia . ... ... ....... ... . .......... g. Dolichopsyllus, p.
Tentorial arms lacking (figs. 193, 198). On Thomomys. ..........

Hindtibia with more than 20 stout bristles on posterior and apical

margins (fig. 194). First pair of plantar bristles on all tarsi V
distally bent downwards and imwards. ... ... .. ¢. Dactylopsylla, p.
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98

92
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34
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31
32

79

82

33

108

111
36
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37(34)

38(37)

39(37)

10(39)

11(40)

42(39)

43(42)

14(43)

45(44)

46(42)
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Hindtibia with less than 20 stout bristles (fig. 199). Plantar
bristles all lateral . . . . .. ... ... .. .. ... . .. g. Foxella, p.

Hind coxae with patch of spiniforms or hairs. ... ......... ... .
Hind coxae without spiniforms. ......... ... .. ... .. ... ......

Preantennal region with row of pigmented spiniforms (figs. 158, 160).

On Ochotona . . ....... ... g. Ctenophyllus, p.
Preantennal region without spiniforms (fig. 162). On Sylvilagus
and Lepus. . ... ... .. .. ... g. Odontopsyllus, p.

One or no lateral seta on fore femur (Jordan's “‘group A’
g\
A number of lateral setae on fore femur

........................

Segment 1 of hind tarsus longer than II-1V together

(fig. 238) . .. . g. Tarsopsylla, p.
Segment I shorter than II-IV. ..o . o0 o o o L
d'. F with 4 or 5 short equal spiniforms, directed upwards
(hg. 221)
@. Ventral margin of anal sternum distinctly angulate ncar
middle. Stylet not curved (fg. 222)......... g. Orchopeas, p.

d. F with 2 or 3 medium to long, unequal spiniforms, directed
downwards or distad (figs. 214, 216, 218)

@ . Ventral margin of anal sternum not angulate. Stylet some-
what curved (fig. 219) . . ... ... .. .. ... g. Opisoda<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>